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ABSTRACT 
The object of t h i s research i s to investigate the 
rate of s o i l creep and. i t s c o n t r o l l i n g variables at Killhope 
basin i n Upper Weardale (Northern Pennines). The experimental 
work was designed to trace the movement of s o i l . Five s i t e s 
were selected f o r study (three on peaty s o i l s and two on 
mineral s o i l s ) . at each s i t e a set of four d i f f e r e n t 
instruments ( an Anderson's tube, a Young's p i t , wooden p i l l a r s 
and Rashidian's instrument)were used t o measure creep rates 
for 18 months. To investigate which variables control t h i s 
process, s o i l samples from sampling s i t e s were used f o r 
quantitative analysis. 
The r e s u l t s of t h i s study indicate: 
1. Annual l i n e a r rates of s o i l creep varied from 0.58 mm 
to 1. 52 mm. 
2. A strong relationship between creep rate and s o i l 
moisture content and i t s f l u c t u a t i o n s . 
3. Higher creep rates for organic s o i l s than f o r 
mineral s o i l s . 
4. Non-exponential decline of rate of movement with depth. 
5. No evidence f o r the influence of slope angle on 
creep r a t e . 
6. The small differences i n values recorded by d i f f e r e n t 
instruments show that the Rashidian technique was 
s u f f i c i e n t l y accurate and useful f o r monitoring seasonal 
s o i l creep. 
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CHAPTER ONE 
BACKGROUND TO THE STUDY 
1.1 I n t r o d u c t i o n 
One of the remarkable asp e c t s of planet E a r t h i s the 
i n f i n i t e v a r i e t y of i t s s u r f a c e forms which have provided 
a source of f a s c i n a t i o n f o r many e x p l o r e r s and s c i e n t i s t s , 
been 
The more i t h a s A s t u d i e d , however, the g r e a t e r i s seen 
to be the complexity of r e l a t i o n s h i p s between the land forms 
and t h e i r formative p r o c e s s e s . 
Geomorphology, as the s c i e n t i f i c study of land forms, 
i s concerned w i t h the explanation of the v a r i e d morphology of 
the land s u r f a c e , and i t s b a s i c t e n e t s are t h a t morphological 
v a r i a t i o n s are not a c c i d e n t a l or haphazard, but that p a t t e r n s 
and processes can be i d e n t i f i e d , I t i s p o s s i b l e to understand 
and account f o r the v a r i o u s landform assemblages which have 
been d e s c r i b e d from v a r i o u s p a r t s of the world. Although the 
n e c e s s i t y f o r the study of processes has often been s t a t e d 
throughout the h i s t o r y of the s c i e n c e (e.g. Chorley, Dunn and 
B e c k i n s a l e 1964, 1973), the r e c o r d of achievement of the 
s u b j e c t shows t h a t u n t i l 1960 there was l i m i t e d s u b s t a n t i v e 
i n v e s t i g a t i o n of processes by geomorphologists. Since 1960 
there have been a number of approaches to, and trends w i t h i n 
geomorphology. I n c r e a s i n g a t t e n t i o n has been pai d to the 
measurement of the landforms and the way i n which processes 
may a f f e c t them. The major advance came with a s e r i e s of 
U.S. G e o l o g i c a l Survey P r o f e s s i o n a l Papers, culminating i n the 
p u b l i c a t i o n of ' F l u v i a l P r o c e s s e s i n Geomorphology' (Leopold, 
Wolman and M i l l e r , 1964), Dury (1969) recognized t h a t great 
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scope f o r a p p l i e d work e x i s t s i n the i n v e s t i g a t i o n and pre-
d i c t i o n of geomorphological processes and t h e i r e f f e c t s . The 
n e c e s s i t y of understanding geomorphological processes has now 
been amply demonstrated i n s i t u a t i o n s that i n v o l v e such 
things as f l o o d i n g , l a n d s l i d i n g , s o i l e r o s i o n by wind or 
water, and d e p o s i t i o n . Now, geomorphologists are i n c r e a s i n g l y 
r e a l i s i n g the value of t h e i r work i n the s o l u t i o n of a p p l i e d 
problems, e s p e c i a l l y i n the measurement and i n t e r p r e t a t i o n of 
both form and process, and t h e i r i n t e r - r e l a t i o n s h i p s . However, 
i t remains a f a c t t h a t fundamental aspects of most processes 
are s t i l l not completely understood (Leopold, Wolman and 
M i l l e r , 1964). T h i s r e s u l t s from the shortage of data and 
the f a c t t h a t v a r y i n g processes i n t e r a c t i n both space and 
time, Carson (1972), emphasised t h a t understanding the changes 
and e v o l u t i o n of landforms demands ; 
(a ) The r e c o g n i t i o n of the nature of the processes on 
the land s u r f a c e , 
(b) An a p p r e c i a t i o n of the operation of the mechanism 
of the processes t h a t are inv o l v e d . 
( c ) An understanding of the way i n which the process 
a f f e c t s the form. 
Monitoring and c l a r i f i c a t i o n of these three a s p e c t s 
w i l l r e s u l t i n the advancement of the s u b j e c t . I t should 
not be forgotten t h a t geomorphological processes never operate 
i n i s o l a t i o n , but are g e n e r a l l y p a r t of a whole system of 
i n t e r a c t i n g phenomena. 
As a r e s u l t , there w i l l remain many phenomena which 
should be researched to evaluate the r e s u l t s of process operation. 
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T h i s t h e s i s i s e s p e c i a l l y concerned with the process 
of "seasonal s o i l creep", i t s r a t e and c o n t r o l l i n g v a r i a b l e s . 
1.2 The f o r c e s i n h i l l s l o p e p r o cesses 
H i l l s l o p e s are u s u a l l y covered with some s o r t of loose 
m a t e r i a l . T h i s may be derived from weathering or i t may be 
m a t e r i a l which has been derived elsewhere and t r a n s p o r t e d 
to i t s c u r r e n t p o s i t i o n . I n order to understand how s o i l i s 
transported, i t i s necessary to look at d i f f e r e n t types of 
f o r c e on h i l l s l o p e s , A l l movement r e q u i r e s the a p p l i c a t i o n 
of a f o r c e which tends to change the s t a t e of motion of a 
body. The most important f o r c e s can be c l a s s i f i e d a s : 
a) G r a v i t a t i o n a l a c c e l e r a t i o n 
Everywhere on the e a r t h ' s s u r f a c e , g r a v i t y p u l l s 
c o n t i n u a l l y downward on a l l m a t e r i a l s . Therefore, t r a n s f e r s 
of s o l i d m a t e r i a l take p l a c e w i t h i n the drainage b a s i n i n a 
number of ways. 
b) Water 
Water i s capable of e x e r t i n g f o r c e s upon and w i t h i n 
s o i l s , which are important i n t r a n s p o r t p r o c e s s e s . Water 
contained i n the pore-spaces of a s o i l behaves i n a number 
of ways. I f the pore-spaces are not completely f i l l e d with 
water ( i , e , the s o i l i s unsaturated) then a s u c t i o n f o r c e 
i s exerted which tends to draw the s o i l g r a i n s more s t r o n g l y 
together, I f the pore-spaces are completely w a t e r - f i l l e d , 
t h a t i s the s o i l i s s a t u r a t e d , the water e x e r t s a p r e s s u r e 
w i t h i n the pore-spaces which tends to push g r a i n s a p a r t . 
Thermal changes - another source of f o r c e on h i l l s l o p e s 
i s due to expansion and c o n t r a c t i o n of s o i l g r a i n s , or of water 
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w i t h i n pore-spaces and c r a c k s i n bedrock or r e g o l i t h . 
Expansion c y c l e s may be caused by a number of mechanisms, a l l 
of which are r e l a t e d to c l i m a t i c f a c t o r s . D i r e c t heating by 
the sun and c o o l i n g at night, or during winter, cause 
expansion and c o n t r a c t i o n . Also, water contained i n pore-
spaces i n s o i l s expands on f r e e z i n g and c o n t r a c t s again when 
i t melts. These may cause net s h i f t of m a t e r i a l . 
c ) Other f o r c e s 
P l a n t s , animals and human a c t i v i t y are able to e x e r t 
f o r c e s on s o i l s and can t h e r e f o r e be l o c a l l y important. 
1.3 Mass movement 
The term 'mass movement1 i n d i c a t e s the downward 
movement of m a t e r i a l on sl o p e s under the i n f l u e n c e of g r a v i t y 
and other agents aided by the presence of rai n w a t e r or 
snowmelt. Mass movement as an important process i n geomorph-
ology has r e c e i v e d i n c r e a s i n g a t t e n t i o n s i n c e 1950; before 
1950 only a few s y s t e m a t i c s t u d i e s were made. Thornbury 
(1954) summarized the c l a s s i f i c a t i o n proposed by Sharpe (1938) 
as f o l l o w s : 
1. Slow flowage types: 
Creep - The slow movement downslope of s o i l and rock 
d e b r i s which i s u s u a l l y not p e r c e p t i b l e except 
through extended observation. S o i l creep, 
or s c r e e creep, rock creep, rock g l a c i e r creep and 
s o l i f l u c t i o n are i n t h i s category. 
2. Rapid flowage types: i . e . e a r t h flow, mudflow and 
de b r i s avalanche. 
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3. L a n d s l i d e s : Those types of movement that are p e r c e p t i b l e 
and i n v o l v e r e l a t i v e l y dry masses of e a r t h d e b r i s , 
i . e . slump, de b r i s s l i d e , d e b r i s f a l l , rock s l i d e 
and rock f a l l . 
4. Subsidence: Downward displacement of s u r f i c i a l e a r t h 
m a t e r i a l without a f r e e s u r f a c e or h o r i z o n t a l 
displacement. 
Hutchinson (1968) a l s o d i s t i n g u i s h e d four types of 
mass movement phenomena, namely creep, frozen-ground phenomena, 
l a n d s l i d e s and subsidence. I n t h i s scheme, type of movement 
depends on the s i z e of p a r t i c l e s , t h e i r c o ndition, the extent 
of s a t u r a t i o n , the vegetation cover, the gradient of slope, 
and c l i m a t e . Carson & Kirkby (1972)( p p . 9 9 - 1 0 1 ) c l a s s i f i e d mass-
movement mainly i n three types: a flow, a s l i d e and a heave 
( F i g . 1.1). I n a pure flow there i s no s h a r p l y defined f a i l u r e 
s u r f a c e , but i n s t e a d shear i s d i s t r i b u t e d throughout the moving 
mass. At the base shear i s u s u a l l y at a maximum, but the 
v e l o c i t y i s very low and a l l the movement occurs as d i f f e r -
e n t i a l movement w i t h i n the body of the flowing mass ( F i g . 1 . 1 b ) . 
In a pure s l i d e , r e s i s t a n c e to movement drops sharply once 
an i n i t i a l f a i l u r e has occurred along a w e l l - d e f i n e d t h i n 
s u r f a c e . The mass above the s l i d e s u r f a c e moves as a block 
with no i n t e r n a l shear ( F i g . 1 . 1 a ) . Debris moves down the 
h i l l s i d e u n t i l c o n d i t i o n s (e.g. reduced slope angle) change to 
slow down and stop the moving mass. 
The t h i r d type of movement i s a pure heave, i n which 
the s o i l expands pe r p e n d i c u l a r to the s u r f a c e and subsequently 
c o n t r a c t s ( F i g . 1.1c). T h i s motion i s not a l a t e r a l t r a n s p o r t 
i n i t s e l f , but provides the b a s i c mechanism f o r some pro c e s s e s , 
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e s p e c i a l l y seasonal s o i l creep, and acts as a t r i g g e r t o 
more r a p i d movements, p r o v i d i n g the l a s t small c o n t r i b u t i o n 
which f i n a l l y overcomes the s o i l r e s i s t a n c e . 
However, a c t u a l mass movement processes are r a r e l y , i f 
ever, a pure f l o w , pure s l i d e or pure heave, but are commonly 
a combination of the t h r e e , perhaps w i t h some basal s l i d i n g , 
some i n t e r n a l shear, and some response t o the t r i g g e r i n g 
a c t i o n o f heaves. Thus, a t r i a n g u l a r diagram (Fig.1.2) 
can provide a convenient basis f o r c l a s s i f y i n g by types of 
movement. The diagram can also be used t o i n d i c a t e v a r y i n g 
r a t e s o f movement d u r i n g t r a n s p o r t , and t o show the moisture v 
content of the movement. Flows tend t o be moist, and s l i d e s 
dry, w h i l e heave may be a t any moisture content, so t h a t a 
s e r i e s o f l i n e s r a d i a t i n g from the 'heave' corner show 
r e l a t i v e moisture contents. Also, movements which are mainly 
flow tend t o be r a p i d , whereas movements which are mainly 
heave tend t o be slow. 
Although many c l a s s i f i c a t i o n s o f mass movement 
processes have been proposed by geomorphologists and engineers, 
such as t h a t of Sharpe (1938), the most important and d i f f i c u l t 
problem f a c i n g these c l a s s i f i c a t i o n exercises i s t h a t 
e s s e n t i a l l y there appears t o be continuous v a r i a t i o n i n the 
types o f movement which occur. This l i m i t s the value of any 
d i v i s i o n i n t o d i s c r e t e classes, and i m p l i e s t h a t the t h r e e -
f o l d c l a s s i f i c a t i o n of Carson and Kirkby, which allows 
continuous v a r i a t i o n t o be stressed, i s one o f the most u s e f u l 
schemes i n p r a c t i c e . However, there are several o b j e c t i o n s 
t o the diagram.ESno mention i s included o f f a l l s or avalanches. 
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1.4 The mechanism of mass movement 
I t has already been s t a t e d t h a t a force i s an a c t i o n 
tending t o change the s t a t e of motion of a body. Most of the 
bodies w i t h which we are concerned are s o i l p a r t i c l e s or 
masses of s o i l moving as a s i n g l e u n i t . An important p o i n t 
t o understand about f o r c e systems i s t h a t they are always i n 
e q u i l i b r i u m . That i s , i f a force i s exerted on a p a r t i c l e 
there w i l l be an equal and opposite f o r c e set up c a l l e d the 
r e a c t i o n ( F i g . 1.3a). The force of g r a v i t y a c t i n g v e r t i c a l l y 
tends t o p u l l a boulder i n t o the ground w i t h a forc e which i s 
the weight W. I t does not do so because g r a v i t y i s r e s i s t e d 
by an equal and opposite r e a c t i o n ( R w) w i t h i n the ground. I n 
t h i s s t a t i c case the r e a c t i o n i s the fo r c e m a i n t a i n i n g the 
boulder i n a s t a t i o n a r y c o n d i t i o n . I n f a c t , even i f the 
boulder were moving at a constant v e l o c i t y , the r e a c t i o n ( R j ) 
would e x a c t l y balance the d r i v i n g f o r c e (F) ( F i g . 1.3b). This 
r e a c t i o n i s due t o f r i c t i o n a l r e s i s t a n c e between the boulder 
and the surface (Finlayson B. & Statham, I (1980)(pp. 51-60). 
I n the case o f h i l l s l o p e s , we r e q u i r e the analysis o f forces 
a c t i n g on p a r t i c l e s o r masses of s o i l on s l o p i n g surfaces, 
which are tending t o cause movement downslope. The main 
fo r c e , t h a t due t o g r a v i t y , does not operate d i r e c t l y down 
the slope but acts v e r t i c a l l y . Consequently i t i s necessary 
to f i n d how much o f the g r a v i t a t i o n a l f o r c e acts i n the 
d i r e c t i o n o f slope. I n the example o f Fig.1.4a the force 
of weight acts v e r t i c a l l y and i s balanced by a r e a c t i o n 
force ( R w ) . The f o r c e components a c t i n g on the boulder i n 
two d i r e c t i o n s ; p a r a l l e l t o the slope which tends t o cause 
the boulder t o move downslope, and normal t o the slope which 
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tends t o keep the boulder s t a t i c . The magnitude of these 
force components may be found geometrically by c o n s t r u c t i n g 
a par a l l e l o g r a m and i s drawn w i t h length p r o p o r t i o n a l t o the 
weight of the boulder ( F i g . 1.4b). I f the diagram i s drawn, 
the lengths o f OA and OB are p r o p o r t i o n a l t o the magnitude 
of the force components, which can be found by measuring 
them. For slope angle ot i t can be seen t h a t 
OA =? W s i n a 
OB = W cos a 
Hence the downslope component of g r a v i t a t i o n a l f o r c e i s prop-
o r t i o n a l t o sine of the slope angle. 
1.5 S o i l creep 
S o i l creep has been discussed i n the geographical and 
geo l o g i c a l l i t e r a t u r e f o r at l e a s t 90 years : Davison 1889; 
G i l b e r t 1909; Sharpe 1938; Terzaghi 1950; Young 1958; Kirkby 
1963; E v e r e t t 1963; Selby 1968; Kojan 1967; Owens 1969; 
Evans 1974; Anderson 1975; Fleming & Johnson 1975; and 
Finlayson 1976. 
Two general types of creep i . e . seasonal or mantle 
creep and continuous, or mass creep were u s e f u l l y d i s t i n g u i s h e d 
by Terzaghi (1950). According t o Terzaghi, the term mantle 
creep r e f e r s t o the s o i l movements which occur w i t h i n the 
zone of seasonal v a r i a t i o n s o f temperature and moisture. 
The second main category o f creep, mass creep, i s due t o the 
a c t i o n of the fo r c e of g r a v i t y on the m a t e r i a l s u n d e r l y i n g 
slopes. Mass creep i s due t o the f a c t t h a t the shearing 
stresses may produce slowly i n c r e a s i n g shear deformations 
even i n the event t h a t t h e i r i n t e n s i t y i s considerably 
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sraaller than the shearing re s i s t a n c e o f the m a t e r i a l s i n v o l v e d . 
Kojan (1967) has described the d i f f e r e n c e between creep and 
r a p i d mass f a i l u r e as f o l l o w s : " I n c o n t r a s t t o the o f t e n 
spectacular f i n a l stages of a l a n d s l i d e , n a t u r a l s o i l creep 
i s a more or less continuous process i n time and space. 
The t e r r a i n f e a t u r e s u s u a l l y c a l l e d l a n d s l i d e s represent 
the movement of a r e l a t i v e l y small body o f m a t e r i a l w i t h 
r e l a t i v e l y w e l l - d e f i n e d boundaries, whereas creep may i n v o l v e 
the ground beneath a l l slopes throughout a larg e region. I n 
the case of creep, no sharp boundary u s u a l l y e x i s t s between 
s t a t i o n a r y and moving m a t e r i a l . " 
Carson and Kirkby (1972, p.272) wrote t h a t : " S o i l 
creep may be caused by systematic reworking of the surface 
s o i l l a y e r s as s o i l moisture and temperature vary, by random 
movements due t o organisms or micro-seisms among other 
causes, and by the steady a p p l i c a t i o n o f a d o w n h i l l shear 
s t r e s s . " I f movement i s mainly due t o the l a s t of these 
agents, t h i s can only concern permanent (deep) creep. F u r t h e r -
more t h i s w i l l only occur i f the shear stresses do not 
exceed the shear s t r e n g t h o f the s o i l , as should i t be exceeded, 
f a i l u r e would o f course r e s u l t . I t i s also t r u e t h a t no 
s o i l creep w i l l occur i n the absence o f some do w n h i l l shear 
stresses. 
Hutchinson (1968) c l a s s i f i e d creep i n three c a t e g o r i e s : 
1. Shallow, predominantly seasonal creep; 
(a) S o i l creep 
(b) Talus creep 
This type of creep i s l a r g e l y confined t o the weathered 
surface zone o f f l u c t u a t i n g ground temperature and moisture 
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content. Viscous movements c o n t r i b u t e l i t t l e t o the net 
downslope creep. 
2. Deep-seated continuous creep; mass creep. This type of 
creep can be expected t o occur i n a l l s o i l s and rocks which 
are subjected t o shear stresses i n excess of the c r i t i c a l . 
I t i s probably the r e s u l t of viscous movements and has a 
much lower order of magnitude than the other forms of creep 
mentioned. 
3. Progressive creep. Creep movements of t h i s type occur 
i n slopes which are approaching f a i l u r e . They are thus 
ch a r a c t e r i s e d by a s t r e s s l e v e l near t o t h a t at which f a i l u r e , 
take place and by g r a d u a l l y i n c r e a s i n g and r e l a t i v e l y high 
rates of movement. 
From drained l a b o r a t o r y t e s t s on c l a y s , c o n t i n u i n g , 
long-term creep (deep creep) i s known t o take place at 
stresses t h a t are only a f r a c t i o n of t h e i r peak s t r e n g t h 
(Bishop 1966). Clear f i e l d evidence of mass creep has yet 
t o be obtained. 
I t can be seen t h a t these d e f i n i t i o n s do not coincide 
e x a c t l y . However, i t i s g e n e r a l l y accepted t h a t : 
1. S o i l creep i s a process o f slow downslope movement 
and i t s r e s u l t s can become obvious over a long p e r i o d of time. 
2. S o i l creep has been recognized as an important process 
i n slope development, Young (1972). 
3. Observations o f t i l t o r displacement of f i x e d references 
suggest t h a t the r a t e of s o i l creep can be s u f f i c i e n t t o damage 
man-made s t r u c t u r e s . 
4. S o i l creep as a process r e s u l t s from the combined 
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a c t i o n of several f a c t o r s such as g r a v i t y , expansion and 
c o n t r a c t i o n r e s u l t i n g from changing temperature and moisture, 
and b i o l o g i c a l s t r e s s . Among these f a c t o r s , g r a v i t y i s 
e s s e n t i a l and the others are p o s s i b l e aids. 
However the knowledge of t h i s process (cause, mechanism 
and r a t e s ) i s s t i l l l i m i t e d . Therefore, the study of t h i s 
t o p i c can be j u s t i f i e d . 
1.6 The process of s o i l creep 
S o i l creep i s i n i t i a t e d by expansion and c o n t r a c t i o n 
of s o i l by h e a t i n g and c o o l i n g , f r e e z i n g and thawing, or 
w e t t i n g and d r y i n g . Volumetric expansion by any cause 
displaces p a r t i c l e s toward the f r e e surface of the expanding 
mass, or normal t o the ground surface. On c o n t r a c t i o n , 
however, a loose p a r t i c l e i s not p u l l e d back i n t o i t s former 
p o s i t i o n , but s e t t l e s w i t h a g r a v i t a t i o n a l component. I t 
should be emphasised t h a t expansion or heaving forces are 
not responsible f o r moving m a t e r i a l downslope; they prod-
uce molecular stresses which l i f t m a t e r i a l so t h a t g r a v i t y can 
then exercise an i n f l u e n c e . Such expansion forces can occur 
due t o changes i n moisture content, expansion of water on 
f r e e z i n g , and e f f e c t s o f c r y s t a l l i z a t i o n of s a l t s i n a r i d 
areas. Young (1972) c l a s s i f i e d the main agents of disturbance 
as f o l l o w s : 
I . Expansion and c o n t r a c t i o n due t o temperature changes. 
I I . Expansion and c o n t r a c t i o n due t o w e t t i n g and d r y i n g . 
I I I . Freezing and thawing o f s o i l moisture. 
IV. Plant r o o t s : growth, decay, and forces t r a n s m i t t e d 
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from swaying of vegetation i n the wind. 
V. S o i l fauna : worms, moles and other burrowing 
animals, t e r m i t e s and micro-fauna. 
V I . Volume changes on weathering, i n c l u d i n g loss of 
m a t e r i a l i n s o l u t i o n . 
V I I . Temporary increases i n load on the s o i l surface : 
p r e c i p i t a t i o n , animals. 
Agents I t o I I I operate through the heave mechanism; and 
agents IV t o V I I produce more i r r e g u l a r l y d i s t r i b u t e d streses 
Young (1972) also d i s t i n g u i s h e d the i n t e r - p a r t i c l e stresses 
which are the forces operating between p a r t i c l e s . The i n t e r -
p a r t i c l e stresses are u l t i m a t e l y d e r i v e d from g r a v i t a t i o n a l , 
molecular, and b i o l o g i c a l stresses. To t h i s c l a s s i f i c a t i o n 
we should add: V I I I Microseisms. I - I I I are seasonal; 
V, i n t e r m i t t e n t ; IV, VI and V I I I , continuous creep. Further 
understanding of the processes of s o i l creep r e q u i r e s f u r t h e r 
i n f o r m a t i o n from f i e l d evidence, improvement and m o d i f i c a t i o n 
of instruments and measurement procedures and i n c r e a s i n g the 
p e r i o d of sample m o n i t o r i n g t o acquire f u r t h e r data. However 
cooperation between geomorphologists, s o i l engineers and 
g e o l o g i s t s w i l l produce the best r e s u l t s . 
1.7 Mechanism of s o i l creep 
To understand the mechanism of s o i l creep i t i s 
necessary t o appreciate the p r i n c i p l e s governing mass move-
ment . The need f o r such an a p p r e c i a t i o n of p h y s i c a l 
p r i n c i p l e s was f i r s t demonstrated by Davison (1889), and 
has been emphasised by S t r a h l e r (1952), and many o t h e r s . 
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Davison (1889) considered t h a t the expansion of s o i l during 
cycles o f freeze and thaw would be e x a c t l y normal t o the 
surface, but the subsequent c o n t r a c t i o n would be e x a c t l y 
v e r t i c a l ( F i g . 1.5a). This model of the d o w n h i l l movement 
assumes a s o i l cohesion which i s great enough t o prevent 
completely any displacement p a r a l l e l t o the surface during 
expansion, but which i s zero during the subsequent c o n t r a c t i o n 
of the s o i l . Kirkby (1967) modified Davison's theory and 
wrote t h a t "Davison's p r a c t i c a l experiments showed t h a t , i n 
a s o i l where i c e needles were not present, the expansion 
was almost normal t o the surface, but t h a t cohesion caused 
the c o n t r a c t i o n movement t o take a l i n e intermediate i n 
d i r e c t i o n between the normal and the v e r t i c a l (Fig.1.5b). 
The r e s u l t of t h i s zigzag movement w i l l be t o produce a net 
displacement i n the s o i l p a r a l l e l t o i t s surface. This 
displacement tends t o decrease w i t h i n c r e a s i n g depth, so t h a t 
the net r e s u l t appears s i m i l a r t o t h a t which would be 
caused by a laminar shear, although the a c t u a l motion i s 
more complex. This r e s u l t a n t r e l a t i v e displacement i s 
r e f e r r e d t o below as the "net shear". This theory can be 
used t o p r e d i c t the v e l o c i t y p r o f i l e which i s t o be expected 
i n the ground, due t o s o i l creep. The r a t e of net apparent 
s o i l shear i s assumed t o be p r o p o r t i o n a l t o the frequency 
of f r e e z i n g and thawing m u l t i p l i e d by an expansion coef-
f i c i e n t f o r the s o i l ; consequently the r a t e i s greatest 
at the surface and declines approximately e x p o n e n t i a l l y w i t h 
depth ( F i g . 1.5c)." Kirkby also mentioned t h a t Davisons 
analysis leaves out o f c o n s i d e r a t i o n the forces which are 
tending t o move the s o i l d o w n h i l l . The only for c e present 
-13-
SOIL 
(a) Theoretical movement 
SOIL 
-b.z 
(c) Vex 
Velocity P r o f i l e 
SOIL 
(b) Observed movement 
SOIL 
(d) Vex 
Velocity P r o f i l e 
Fig. 1.5 : (a) Theoretical Path of a Soil P a r t i c l e ( a f t e r Davison); 
(b) Actual Path of a Soil P a r t i c l e ( a f t e r Davison); 
(c) Predicted Velocity P r o f i l e From Davison Theory; 
(d) Predicted Velocity P r o f i l e From Kirkby Theory. 
(Kirkby, 1967) 
V = Downslope ve l o c i t y 
b = Constant 
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which i s able t o do t h i s i s the weight of the s o i l overburden. 
At the surface, there i s no overburden and so the s o i l 
cannot s u f f e r a net shear, even though the amount of movement 
normal t o the surface i s at a maximum. At great depth, the 
s o i l does not expand or c o n t r a c t so t h a t there can be no net 
shear components, however great the overburden (provided 
t h a t i t i s not great enough t o i n i t i a t e the c o n j e c t u r a l 
deep creep). I n between, at some f i n i t e depth w i l l be a 
zone of maximum net shear r a t e , so t h a t the v e l o c i t y p r o f i l e 
i s q u a l i t a t i v e l y as shown i n Figure 1.5d. Young (1958) 
wrote "the p a r t i c l e s comprising a s o i l r e s t upon each other 
i n a c o n d i t i o n of e q u i l i b r i u m . When t h i s c o n d i t i o n i s 
d i s t u r b e d f o r any p a r t i c l e or group of p a r t i c l e s they move 
i n t o a new e q u i l i b r i u m w i t h each other; the for c e of g r a v i t y 
gives a constant downward component t o these movements, 
which i s t r a n s l a t e d by the o p p o s i t i o n of the s l o p i n g rock 
surface beneath the s o i l i n t o a down slope tendency. Such 
i n t e r - p a r t i c l e movements i n time a f f e c t a l l p a r t s o f the 
s o i l , causing the process of creep." 
Kirkby (1967) also wrote "according t o the f i e l d 
evidence derived from workers' i n v e s t i g a t i o n s i n d i f f e r e n t 
areas, i t has been proved t h a t a l l features r e s u l t i n g from 
s o i l creep are due t o the e s s e n t i a l l y laminar nature of 
creep. Each l a y e r of s o i l i s c a r r i e d d o w n h i l l by the motion 
of the l a y e r beneath i t , and the e f f e c t i s cumulative, w i t h 
the maximum r a t e at the surface e x p o n e n t i a l l y decreasing t o 
zero w i t h depth. As a r e s u l t , s o i l creep does not shear 
across immobile rock or s o i l a t depth." 
-20-
1.8 The r a t e of s o i l creep 
Although creep i s too slow t o be observed i n s t a n t -
aneously, the cumulative r e s u l t s become obvious over a p e r i o d 
of years. However, as has been p o i n t e d out by several 
workers, creep operates on s u r f i c i a l m a t e r i a l and i t s r a t e 
i s thought t o vary w i t h such f a c t o r s as depth, t e x t u r e , 
slope angle, s o i l moisture and temperature. Young (1960) 
wrote t h a t "the g r a v i t a t i o n a l f o r c e i s v e r t i c a l l y uniform 
over the earth's surface, t h e r e f o r e , the r a t e of s o i l creep 
may be expected t o vary w i t h the sine of slope angle and 
magnitude and frequency o f disturbances t o i n d i v i d u a l 
p a r t i c l e s . " On the other hand, Anderson and Cox (1981), 
and others, have found t h a t sine of the slope angle i s a very 
weak c o n t r o l by comparison w i t h other v a r i a b l e s such as 
s o i l moisture c o n d i t i o n s . I t seems t h a t i n f i e l d s t u d i e s , 
both measurement o f the r a t e o f creep, and mon i t o r i n g of 
a widespread range of i n f l u e n t i a l f a c t o r s are d e s i r a b l e . 
1.9 Methods of measuring s o i l creep 
Measurements are r e q u i r e d t o demonstrate the type 
of processes o p e r a t i n g t o i n d i c a t e how e f f e c t i v e the processes 
are, and t o give the basis f o r an understanding of how 
processes operate. 
With the exception o f creep produced as a d i f f u s i o n 
process ( C u l l i n g , 1963), movements in v o l v e d i n s o i l creep 
are thought t o be mass movements, t h a t i s t o say the s o i l 
moves together and neighbouring s o i l p a r t i c l e s remain close 
together throughout the movement. 
I n an i d e a l measurement, t h e r e f o r e , a column of s o i l i s 
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i d e n t i f i e d i n i t i a l l y w i t h reference t o f i x e d p o i n t s ; and i t s 
p o s i t i o n i s remeasured p e r i o d i c a l l y . I n p r a c t i c e i t may be 
impossible t o reach bedrock at the base of a measurement 
p r o f i l e . But i t i s assumed t h a t on average creep movement 
dies away w i t h depth, so t h a t the lowest p a r t o f a measured 
p r o f i l e i s assumed t o be s t a t i c . However, many i n v e s t -
i g a t o r s tend t o use simple techniques w i t h r e l a t i v e l y l a r g e 
numbers of r e p l i c a t i o n s , and t o continue the measurements 
f o r r e l a t i v e l y long periods t o o f f s e t any r e s u l t i n g loss of 
s e n s i t i v i t y . One of the f i r s t steps i n atte m p t i n g t o measure 
and understand the r a t e of s o i l creep i s the accurate 
measurement o f s o i l deformation as a f u n c t i o n of depth. I n 
t h i s connection, the work o f Young (1960), Kirkby (1963), 
Kojan (1967), Evans (1974) and Anderson (1977) i s prominent. 
For t h i s , s e v eral techniques have been used t o measure s o i l 
creep i n the f i e l d : e.g., t i l t bars ( T - b a r s ) , Young's p i t , 
p i l l a r s , Anderson's tubes, Anderson's Inclino m e t e r , and 
Selby's cones. Each technique and instrument has some 
advantages and l i m i t a t i o n s . This w i l l be d e t a i l e d i n 
Chapter two. 
1.10 Programme of study 
Understanding the mechanisms of the s o i l creep process 
and measuring i t s r a t e i n r e l a t i o n to the f a c t o r s and agents 
which are i n v o l v e d r e q u i r e s using s e v e r a l methods and 
instruments, because there i s as yet no standard method or 
technique f o r t h i s purpose. The approach used here i n v o l v e d 
s e l e c t i n g f i v e sampling s i t e s i n upper Weardale, using f o u r 
s e l e c t e d techniques s u i t e d t o sho r t or long time periods, 
comparing the r e s u l t s from a number of instruments and 
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designing a new technique t o acquire a p r o f i l e of the r a t e 
of s o i l movement i n r e l a t i o n t o depth. I n a d d i t i o n t o a 
programme of f i e l d work, l a b o r a t o r y studies are necessary t o 
determine the d i f f e r e n c e s i n m a t e r i a l p r o p e r t i e s . 
This programme includes the f o l l o w i n g aims: 
a) To separate the f a c t o r s c o n t r o l l i n g s o i l creep and 
assess t h e i r r e l a t i o n s h i p s . 
b) To e x p l a i n the process and ra t e s of s o i l creep i n 
the study area ( K i l l h o p e b a s i n ) . 
c) To compare r e s u l t s from s e l e c t e d techniques and 
instruments i n the study area. 
d) To determine the e f f e c t of v a r i a b l e s c o n t r o l l i n g 
creep r a t e . 
e) To compare r e s u l t s w i t h other workers working at 
s i m i l a r environment. 
A summary o f t h i s research i s shown i n Figure 1.6. 
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F i g . 1.6: Research design diagram. 
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CHAPTER TWO 
TECHNIQUES AND INSTRUMENTS FOR 
MEASURING SOIL CREEP 
2.1 I n t r o d u c t i o n 
S o i l creep i s a h i l l s l o p e process, o p e r a t i n g very 
slowly; i t i s t h e r e f o r e d i f f i c u l t t o measure. I n s p i t e of 
attempts by many experienced workers t o e s t a b l i s h the best 
technique f o r measuring the r a t e of s o i l creep (e.g. Kirkby, 
1967; Evans, 1967; Selby, 1968; Young, 1972; Fleming, 1973; 
Finlayson 1981; Anderson & Finlayson, 1975), t h e r e i s not 
yet a standard method of i n v e s t i g a t i o n . This u n c e r t a i n t y 
can be overcome i n a number of ways, e.g. by using a set of 
instruments which can measure creep over both long and short 
periods of time. I n c r e a s i n g emphasis on the q u a n t i t a t i v e study 
of s o i l creep r e q u i r e s the wides p o s s i b l e use o f accurate 
instruments t o measure the r a t e of movement and the c o n t r o l 
f a c t o r s i n v o l v e d . 
A l l the techniques and instruments, however, have t h e i r 
own advantages and l i m i t a t i o n s . As f a r as the aims of t h i s 
study are concerned only some of them can be se l e c t e d . 
C l a s s i f i c a t i o n o f techniques and instruments makes t h i s 
s e l e c t i o n e a s i e r . Anderson and Finlayson (1975) c l a s s i f i e d 
these techniques and instruments according t o t h e i r s p e c i f -
i c a t i o n s and a p p l i c a t i o n s , and most o f them have been des-
c r i b e d i n d e t a i l by Anderson (1977). 
The methods and instruments which have been used i n 
t h i s study w i l l be described i n d e t a i l , and furthermore, some 
of the advantages and l i m i t a t i o n s o f other techniques and 
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instruments w i l l be summarized as a background f o r j u s t i f y i n g 
the reasons f o r the s e l e c t i o n . 
2.2 Instruments which measure extremely a c c u r a t e l y 
The most common instruments f a l l i n g i n t o t h i s category 
are : Fleming's T i l t m e t e r System, S.G.I. Rod Inc l i n o m e t e r , 
Linear motion transducers and s t r a i n gauges. The main advan-
tages and l i m i t a t i o n s of these are: 
a. Advantages 
They are s u f f i c i e n t l y accurate t o be u s e f u l f o r 
s p e c i a l purposes. 
Using these instruments not only can s o i l movement be 
measured as a f u n c t i o n o f depth (Fleming's t i l t m e t e r 
system and S.G.I. Rod In c l i n o m e t e r ) but also a con-
tinuous record can be made of movement, a l l o w i n g the 
r e s u l t s t o be i n t e r p r e t e d i n r e l a t i o n t o other c o n t i n -
uously recorded v a r i a b l e s such as s o i l moisture and 
temperature (Fleming's t i l t m e t e r system and l i n e a r 
motion t r a n s d u c e r s ) . 
b. L i m i t a t i o n s 
These instruments are r e l a t i v e l y complicated and 
t h e i r c o n s t r u c t i o n must be c a r r i e d out i n an 
instrument work shop. 
They are c o s t l y and not a v a i l a b l e on the open market. 
Measurements are taken using s e v e r a l devices which 
can be operated o n l y by experienced workers. 
Replacements are not easy, and thus they cannot be 
used i n extensive s t u d i e s . 
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F i n a l l y , as the instruments need t o be l e f t i n the 
f i e l d , there i s a great r i s k t h a t such expensive 
devices w i l l be s t o l e n , d i s t u r b e d or destroyed. 
For these reasons none of the instruments i n t h i s 
category has been chosen f o r t h i s study. 
2.3 Instruments which magnify and measure t i l t 
The instruments f a l l i n g i n t o t h i s category are: 
Kirkby's "T" Pegs, Evans 1 "T" Bar, and Anderson's Inclin o m e t e r . 
These instruments are r e l a t i v e l y s e n s i t i v e and accurate. The 
basic idea of these instruments i s t o measure the t i l t i n g of 
the pegs i n s e r t e d i n the s o i l w i t h e i t h e r a s e n s i t i v e s p i r i t 
l e v e l placed on the pegs, an i n c l i n o m e t e r , an Abney l e v e l , 
or some other s u i t a b l e equipment. The main advantages and 
l i m i t a t i o n s f o r t h i s category are : 
a. Advantages 
They are simple t o use, easy t o read, r e p l i c a b l e 
and cheap. 
Readings can be repeated f o r a long term as the 
peg p o s i t i o n remains u n a l t e r e d . 
b. L i m i t a t i o n s 
I f the r a t e of s o i l creep decreases w i t h depth 
approximately i n a negative exponential manner 
(Young, 1972), readings o f t i l t from r i g i d bars 
or pegs w i l l be inadequate. Thus f o r research t o be 
s a t i s f a c t o r y these instruments should be supplemented 
by a number of other instruments of techniques which 
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produce a p r o f i l e of movement w i t h depth. 
To prevent any a l t e r a t i o n i n the peg's p o s i t i o n as 
the i n c l i n o m e t e r i s placed over i t , great care i s 
re q u i r e d . Otherwise, there w i l l be a tendency f o r 
the peg's movement t o be a f f e c t e d by the inc l i n o m e t e r 
when the housing i s t i g h t e n e d on the peg and the 
reading scale i s adjusted. 
F i n a l l y , the major d i f f i c u l t y a r i s e s i n l o c a t i n g 
the p o i n t about which the peg p i v o t s . 
2.4 Instruments which measure i n the long term 
The most common instruments and techniques f a l l i n g 
i n t o t h i s category are : Boreholes, P i l l a r s , Selby's cones, 
Young's p i t s , Cassidy's tubes, Anderson's tubes and paint e d 
rocks or markers. The methods and devices i n t h i s category 
have many advantages and some l i m i t a t i o n s . Although most of 
these techniques are simple, inexpensive and easy t o use, they 
also have disadvantages which render them u n s u i t a b l e i f they 
are used i n i s o l a t i o n . The Borehole technique provides a 
v e l o c i t y p r o f i l e of s o i l movement w i t h depth, but i t i s 
u s e f u l only over long periods of time. Furthermore, d i s t -
urbance of the s o i l d u r i n g excavations i s p r o b a b l e . ( F i g . 2 . l b ) . 
P i l l a r s can be employed widely t o o b t a i n t r a n s e c t s 
w i t h o u t serious l i m i t a t i o n s . t hey r e f l e c t b o d i l y move-
ment and are more u s e f u l i n comparison w i t h the other i n s t -
ruments ( F i g . 2.1 a ) . 
Selby's Cones provide an absolute movement and v e l o c i t y 
p r o f i l e , but great problems a r i s e during i n s t a l l a t i o n and 
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F i g . 2.1 A : P i l l a r s , B : Boreholes, C : F l e x i b l e 
tube, D : Selby's cones. 
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reading ( F i g . 2 . I d ) . The p a i n t e d rock technique i s simple 
and reading i s easy and very f a s t , but inaccurate as an 
estimate of s o i l movement. The great advantages of the 
Young's p i t method are t h a t the measurement i s d i r e c t and 
both h o r i z o n t a l and v e r t i c a l movements are observed, but 
disturbance of the s o i l d u r i n g excavation i s l i k e l y and i t 
should be read over a long time p e r i o d . 
Anderson's tube i s very simple, easy i n use and both 
angular and b o d i l y movement can be measured, but i t cannot 
provide a p r o f i l e of movement w i t h depth. 
For the above mentioned reasons, i t i s t h e r e f o r e 
l o g i c a l t o use a number of these instruments together i n any 
one p l o t . They thus provide s u f f i c i e n t data, and each can be 
regarded as a c o n t r o l f o r the others. 
2.5 Techniques and instruments s e l e c t e d f o r t h i s study 
2.5.1 Aim o f s e l e c t i o n 
I t has already been s t a t e d t h a t there are several s u i t -
able tachniques and instruments f o r measurement of s o i l creep 
w i t h t h e i r own p a r t i c u l a r advantages and l i m i t a t i o n s . 
The main p o i n t s considered i n the s e l e c t i o n of techniques 
and instruments were: 
a) To measure the r a t e o f s o i l creep when i t i s r e q u i r e d 
f o r e i t h e r a s h o r t or a long p e r i o d of time. 
b) To produce a v e l o c i t y p r o f i l e of movement w i t h depth. 
c) To measure both mass and angular movements. 
d) To be s a t i s f a c t o r i l y accurate, easy t o use, cheap 
and r e p l i c a b l e . 
-31-
With such ideas i n mind the f o l l o w i n g techniques and 
instruments were selected: 
i . Young's p i t method 
This method has been used and modified by several 
workers i n c l u d i n g Emmett (1965), Leopold (1962), Kirkby (1967), 
and Anderson (1977). The basic idea i s one o f the most 
common options: the p r o f i l e of the r a t e of s o i l movement w i t h 
depth over a long p e r i o d o f time. 
i i . Wooden p i l l a r s technique 
This technique was applied using three d i f f e r e n t lengths 
of wooden p i l l a r s (50mm, 100mm, 150mm) along a contour l i n e . 
Each p i l l a r was measured from the appropriate f i x e d p o i n t 
which i s an i r o n rod i n s e r t e d i n t o the s o i l . The r e s u l t s 
obtained from these measurements can produce a p r o f i l e o f 
movement w i t h depth. 
i i i . Anderson 1s tubes 
This technique was adopted i n widespread sampling p l o t s 
i n each s e l e c t e d sample s i t e . 
i v . Rashidian's technique 
This technique was designed during the p i l o t study i n 
1980, and was modified f o r t h i s study. 
2.5.2 Procedure 
The procedure adopted was: 
a) Observation of the study areas and s e l e c t i o n o f f i v e 
s i t e s w i t h v a r i e d c h a r a c t e r i s t i c s f o r i n s t r u m e n t a t i o n . 
b) E s t a b l i s h i n g a c o l l e c t i o n of s e l e c t e d techniques a t sam-
p l i n g s t a t i o n f o r each s e l e c t e d c h a r a c t e r i s t i c s ( P l a t e 2.1). 
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P l a t e 2.1 I n s t r u m e n t a t i o n of c o n t r o l s t a t i o n 
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c) A p p l i c a t i o n of a number of Anderson's tubes (p.41 ) 
i n various c o n d i t i o n s f o r each c h a r a c t e r i s t i c , such as 
di f f e r e n c e s o f veg e t a t i o n , s o i l m a t e r i a l , slope angle 
and a l t i t u d e . 
d) A l l samples were p l o t t e d i n f i v e groups. 
2.6 Techniques sel e c t e d 
2.6.1 The Young p i t technique 
The Young p i t was f i r s t used by A. Young (1960). The 
f o l l o w i n g d e s c r i p t i o n i s o f the p i t s used f o r t h i s study. A 
p i t was dug as deep as po s s i b l e i n t o the s o i l , w i t h a v e r t i c a l 
face running along a l i n e of the steepest slope f o r a hor-
i z o n t a l distance o f about 0.4m. A number of 1mm diameter 
s t e e l wires 70mm long were i n s e r t e d i n t o the w a l l face, each 
placed a t r i g h t angles t o the face using a sheet of t r a n s -
parent p l a s t i c w i t h a range of holes a t 20mm i n t e r v a l s 
( F i g . 2.2). The sheet of transparent p l a s t i c p e r m i t t e d the 
wires t o be placed a t the same i n t e r v a l . A plumbline was 
hung close t o the w a l l face and over a s t e e l rod which was 
i n s e r t e d v e r t i c a l l y i n t o the bedrock. Then the distance between 
the tops of the wires and the plumbline was measured and 
p l o t t e d . When the measurements had been completed, the face 
was covered w i t h a sheet o f f l e x i b l e transparent p l a s t i c , and 
the hole was r e f i l l e d , t a k i n g great care t o avoid d i s t u r b i n g 
the face being measured. 
Last, the r e f i l l e d p i t and measurement face s i t e were 
marked, using some pieces of coloured p l a s t i c f i x e d by means 
of t h i n wires along the l i n e of the w a l l t o a s s i s t the l o c a t i o n 
o f the w a l l face f o r eventual re-excavation. Because of 
Plumb line 
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Pit wall 
Fixed point 
F i g . 2.2 : General view of b u r i e d wires. (Young's 
P i t method). 
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F i g . 2.3 : Layout o f c i r c u l a r sampling f o r Young's 
P i t method. 
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disturbances t o the s o i l i n c l u d i n g changing i t s density 
through excavation, i t i s best t o excavate each Young's 
p i t only once. 
i i . Reading 
To o b t a i n a reading the p i t should be c a r e f u l l y r e -
excavated. Using a p r o t r u d i n g stake a plumb l i n e i s suspended 
centred on the c o n t r o l l e r rod, and the d i f f e r e n c e between the 
new and the o r i g i n a l f i g u r e s i s a d i r e c t measurement of the 
net d i f f e r e n t i a l shear between the w i r e s . Absolute values 
f o r downslope t r a n s l a t i o n can only be assured i f the bottom 
wire i s secured i n bedrock, and t h i s i s not normally prac-
t i c a b l e . For the p i t s i n t h i s study, the depth of the bottom 
Wire v a r i e d between 0.3 and 0.4m. The accuracy claimed f o r 
t h i s approach v a r i e s ; Young (1960) 0.8mm, Emmett (1965) and 
Anderson (1977) 0.25mm. 
i i i . Advantages and l i m i t a t i o n s 
The advantages of t h i s method are: 
a) The measurement i s d i r e c t and t h e r e f o r e unambiguous. 
b) Both h o r i z o n t a l and v e r t i c a l movements are observed. 
c) Since the wires are b u r i e d they cannot be d i s t u r b e d 
and they can be l e f t f o r a long p e r i o d o f time. 
L i m i t a t i o n s 
a) Disturbance of the s o i l d u r i n g excavation, r e f i l l i n g 
and re-excavation. 
b) Concentration of moisture could occur i n the r e c o n s t i t u t e d 
s o i l s , and as moisture i s p o s t u l a t e d as a major cause 
of creep, t h i s could lead t o serious e r r o r s (Anderson 1977). 
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c) I f the excavation i s done w i t h s u f f i c i e n t care, the 
measurement s i t e i s subject t o no more outside d i s t -
urbance than the surrounding ground. However, t h i s 
p roviso can never be guaranteed; there i s always 
some r i s k of disturbance (Kirkby 1967). 
d) The method cannot give r e s u l t s of much meaning i n very 
open s o i l close t o the surface, where the wires are 
not securely h e l d by the s o i l and almost a l l methods 
break down. 
i v . Conclusion 
In s p i t e of some great advantages, the use of t h i s 
technique . inv o l v e s some problems including the disturbance of 
n a t u r a l s o i l or r e g o l i t h c o n d i t i o n s caused by the apparatus 
and the r e l o c a t i n g of markers or p i t s ; also i t i s l i m i t e d t o 
studies o f e i t h e r long term movement, or unusually f a s t 
movement. The problem o f reading l i m i t s could be overcome i f 
c i r c u l a r sampling i n a p l o t i s adopted. 
The procedure can be as f o l l o w s : 
a) Using a 0.1 x 0.1m g r i d , 4 sample p o i n t s i n 4 corner 
s i t e s are determined. 
b) The determined sample p o i n t s are marked and numbered 
i n clockwise d i r e c t i o n ( F i g . 2.3). 
c) The samples are e s t a b l i s h e d i n each p o i n t i n such a 
way t h a t w h i l e one p o i n t i s being e s t a b l i s h e d no 
other p o i n t i s d i s t u r b e d . 
d) A f t e r a pre-determined p e r i o d of time has elapsed 
(1-2 y e a r s ) , one o f the samples i s chosen at random 
and re-excavated c a r e f u l l y . To avoid disturbance 
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the lower samples should be re-excavated f i r s t . 
e) The r e s u l t s of the readings are recorded on a 
rel e v a n t p l o t . 
I n t h i s way one of the main l i m i t a t i o n s of Young's 
p i t s could be overcome. 
2.6.2 Modified p i l l a r technique 
i . The basic ideas i n t h i s technique are s i m i l a r t o those 
of ones adopted by Kirkby (1967), Emmett (1965) and Anderson 
(1977). The technique i s very simple and comprises: 
a. A 0.5m long s e c t i o n a l aluminium sampling gauge w i t h 
three holes of 10mm diameter i n the middle f o r the 
f i x e d rods and three semi c i r c u l a r holes of 10mm 
diameter i n the leading edge t o define the s t a r t i n g 
places o f the movable rods. 
Two sets o f s p i r i t l e v e l s are f i x e d on the gauge t o 
ensure t h a t the gauge i s h o r i z o n t a l when i t i s re q u i r e d . 
b. A s e r i e s o f s t e e l rods 0.6m long and 10mm i n diameter 
which are used as f i x e d p o i n t s . The distance between 
these rods i s 0.2m. 
c. A s e r i e s o f 60mm, 110mm and 160mm long hard wooden 
rods 10mm i n diameter which are used as movable rods 
( F i g . 2.4). 
i i . F i e l d procedure 
1. The aluminium sampling gauge i s placed i n the ground 
along the contour. Then three s t e e l rods are i n s e r t e d 
through the holes, i n t o the s o i l , so t h a t each rod 
acts as a f i x e d p o i n t . 
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2. Three hard wooden rods are i n s e r t e d through the serai-
c i r c u l a r hole i n t o the s o i l as movable p o i n t s . 
3. The i n i t i a l distances between each s t e e l rod and the 
corresponding wooden rod are accurately recorded. 
4. This a c t i o n i s repeated as a t r a n s e c t along the contour 
as f a r as i s r e q u i r e d . 
Any changing i n the p o s i t i o n of wooden rods can be 
measured from the f i x e d p o i n t s ( s t e e l r o d s ) . 
i i i . Advantages 
a. This technique i s simple, and the equipment i s cheap 
and r e p l i c a b l e . 
b. Using the aluminium sampling gauge as a c o n t r o l l e r 
helps t o e s t a b l i s h a l l the f i x e d p o i n t s along a 
s t r a i g h t l i n e . 
c. Readings can be taken at any i n t e r v a l of time or 
when they are r e q u i r e d . 
i v . L i m i t a t i o n s 
a. S o i l i s d i s t u r b e d d u r i n g the i n s t a l l a t i o n of the rods. 
b. The p a r t s of the rods p r o t r u d i n g above the ground 
make them vulnerable t o disturbance. 
c. Measurements r e q u i r e more p r e c i s i o n t o avoid e r r o r , 
e s p e c i a l l y when a Vernier c a l l i p e r i s used. 
d. This technique cannot represent the r a t e o f movement 
w i t h depth. 
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v. Conclusion 
T h i s technique i s very simple and can be used e a s i l y , 
but because of i t s l i m i t a t i o n s defined above i t can be used 
only as one of a s e t of instruments. An accuracy of 0.25mm 
has been claimed f o r t h i s method by M i l l e r and Leopold (1963). 
Using t h i s modified method and usi n g a V e r n i e r c a l l i p e r f o r 
measurement an accuracy of 0.1mm can be a t t a i n e d . 
2.6.3 The Anderson tubes 
T h i s technique was designed by Anderson to record both 
the b o d i l y and angular movement produced by s o i l creep, thus 
overcoming one of the l i m i t a t i o n s of Kirkby's pegs and Evans' 
"T" B a r s . 
Because of the author's c l o s e acquaintance with 
Anderson's tube and the advantages of t h i s technique i t was 
adopted, with a s l i g h t m o d i f i c a t i o n , as one of the instruments 
f o r sampling. 
The f o l l o w i n g d e s c r i p t i o n s are taken mainly from 
Anderson (1977) : 
The p r i n c i p l e i s that the s t e e l rod i n s e r t e d i n t o the 
rock a c t s as a f i x e d point about which the tube moves. 
i . Equipment 
a) The tube 
An 0.2 - 0.3m length of 59mm i n t e r n a l diameter p l a s t i c 
tube with two s m a l l holes 25 mm apart, 25mm from the top end. 
The t h i c k n e s s of the tube w a l l i s 2mm. 
b) The rod 
A 10mm diameter s t e e l rod 0.6m long, with one end 
sharpened, a c t s as a f i x e d p o i n t . 
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i i . Procedure 
a) A bore hole i s dug by means of a sharpened s t e e l pipe* 
( F i g . 2 . 5 A ) . The depth of the bore hole v a r i e s with 
s o i l t h i c k n e s s . 
b) A p l a s t i c tube of s u i t a b l e length i s s l i d gently i n t o 
the bore hole so th a t the s m a l l holes i n the tube 
i d e n t i f y the upslope s i d e . About 5.0cm of the tube 
protrudes above the ground. 
c) The s t e e l rod i s p l a c e d i n the centre of the tube and 
driven i n t o the rock below u n t i l i t s top i s l e v e l with 
the upper edge of the p l a s t i c tube. 
d) P r i o r readings are taken by measuring the d i s t a n c e of 
the rod from the top edge and the s m a l l holes on the 
tube ( F i g . 2.5A). 
i i i . Measurements 
In t a k i n g readings, one arm of a p a i r of i n s i d e V e r n i e r 
c a l l i p e r s i s h e l d a g a i n s t the top edge of the p l a s t i c tube and 
the c a l l i p e r s are extended u n t i l the other arm j u s t touches 
the rod. The width of the c a l l i p e r arm i s read to 0.1mm 
using the V e r n i e r s c a l e . T h i s procedure i s then repeated 
for the other p o i n t s (two s m a l l holes made i n the tube, 
25mm and 50mm from the top edge of the tube as marked p o i n t s . 
i v . A n a l y s i s 
The reading f o r each l e v e l i s p l o t t e d on a sepa r a t e 
c i r c u l a r diagram (Fig.2.5B) a c i r c l e of 5.9cm diameter with 
the c e n t r e and the r e f e r e n c e p o i n t s marked (0.0, 25, 50mm). 
Also r e q u i r e d are a p a i r of compasses and a tran s p a r e n t 
* A sharpened s t e e l pipe i s used with the same diameter as 
the p l a s t i c tube f o r digging the bore hole. 
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overlay on which i s drawn a c i r c l e of r a d i u s 5mm with i t s 
centre marked. 
a) From each ref e r e n c e point an a r c i s drawn i n s i d e the 
c i r c l e , the r a d i u s being equal to the measurement 
from that point. 
b) The o v e r l a y i s p l a c e d on the diagram so that i t s 
c i r c l e i s t a n g e n t i a l to the a r c s and i t s centre spot 
i s marked on the diagram. T h i s i s the p o s i t i o n of 
the centre of the rod. 
c ) The readings f o r the other l e v e l taken on the same 
date as the above are p l o t t e d on a diagram and the 
p o s i t i o n of the c e n t r e of the rod i s found. 
d) The apparent d i s t a n c e the rod c e n t r e has moved i s 
measured f o r each l e v e l and the two readings are 
p l o t t e d at the appropriate l e v e l on the movement 
diagram. 
Subsequent readings can be p l o t t e d i n the same way, 
the apparent movement being measured from any 
previous rod p o s i t i o n . However, i t i s assumed t h a t 
the movement i s i n the downslope d i r e c t i o n so t h a t 
the tubes are centred on the same movement diagram 
as the readings which have already been p l o t t e d . 
v. Advantages and l i m i t a t i o n s 
The advantages of Anderson's tube are t h a t : 
a) I t i s cheap to make and simple t o use. 
b) I t i s accurate to 0.1mm. 
c) The p i v o t point can be found. 
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d) Both angular and bodily movement can be measured. 
e) An o v e r a l l p i c t u r e of movement can be obtained. 
f ) Readings can be repeated i f necessary. 
The main l i m i t a t i o n s are : 
a) Disturbance to the s o i l caused by i n s e r t i o n . 
b) P r o t r u s i o n of a par t of the tube above the ground 
makes i t l i a b l e to be d i s t u r b e d by animals or 
other agents. 
c) I t cannot provide a p r o f i l e of movement with depth. 
However, t h i s technique i s u s e f u l p a r t i c u l a r l y when 
combined with other techniques which provide the v a r i a t i o n of 
s o i l movement with depth. 
2.6.4 The Rashidian technique 
a. I n t r o d u c t i o n 
I t has been recognized that s o i l creep i s e s s e n t i a l l y 
laminar and each l a y e r of s o i l i s c a r r i e d downhill by the 
motion of the l a y e r beneath i t (Young 1958; Kirkby 1967; 
Bloom 1978; Derbyshire e t a l . 1979). Also i t i s emphasized 
that the r a t e of movement v a r i e s with depth. However, the 
main p o i n t s of s i g n i f i c a n c e i n s t u d i e s of s o i l creep would 
seem to be a f a c i l i t y f o r producing both an absolute move-
ment and a p r o f i l e of v e l o c i t y with depth. 
Approaching t h i s s u b j e c t s e v e r a l techniques have been 
designed such as Young's p i t s , dowelling p i l l a r s , and bore 
h o l e s . A l l of these possess some advantages but a l s o some 
l i m i t a t i o n s and a great number of problems remain to be solved. 
However, few techniques are able to record the absolute 
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r a t e of movement and v e l o c i t y p r o f i l e s with depth. I n t h i s 
category, the Young p i t s technique has been widely u t i l i z e d 
(Young, 1958; Kirkby, 1967; Owens, 1969; Anderson, 1977). 
However, i t should be remembered t h a t t h i s technique can only 
be used f o r long period readings and only one reading can be 
provided. Also, disturbance of the n a t u r a l s o i l during r e -
excavation i s g r e a t . Therefore, i t was decided to design a 
new technique f o r overcoming some of these problems. The 
technique ought to s a t i s f y the f o l l o w i n g c r i t e r i a : 
i , To measure over long and sh o r t time s c a l e s . 
i i . To produce an acc u r a t e reading of movement and a 
v e l o c i t y p r o f i l e with depth. 
i l i . To be inexpensive and r e p l i c a b l e . 
i v . To be easy to operate and take readings. 
v. To provide readings without any disturbance to the 
n a t u r a l s o i l , or the equipment. 
T h i s technique was designed a f t e r a p i l o t study i n an 
attempt to work towards s t u d i e s of s o i l creep, and i t has 
been developed during instrumentation of the main study area 
at K i l l h o p e i n Upper Weardale. 
I t was i n i t i a l l y t e s t e d at the U n i v e r s i t y Observatory 
i n Durham C i t y f o r s i x months with g e n e r a l l y s a t i s f a c t o r y 
r e s u l t s . 
I n order to t e s t the v a l i d i t y and accuracy of the 
Rashidian Technique a p i l o t study was undertaken. The 
r e s u l t s showed movement due to s o i l creep i n a range from 
0.2 - 0.5 mm which agrees w e l l with the measurements from the 
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Anderson Inclinometer and Anderson's tube techniques s i m i l a r l y 
t e s t e d over the same per i o d . 
The c l o s e agreement of the Rashidian technique with 
e s t a b l i s h e d techniques such as Anderson's Inclinometer and 
Anderson's tube i n t h i s c o n t r o l l e d p i l o t study shows that 
some confidence can be placed i n t h i s technique and i t i s 
worthy of f u r t h e r i n v e s t i g a t i o n . 
b. Equipment 
The equipment c o n s i s t s of s i x p a r t s ( F i g . 2 . 6 , P l a t e 2.2) 
i . An aluminium sampling gauge d i v i d e d i n t o three 
s e c t i o n s . 
i i . A s t e e l c o r e r f o r v a r i o u s depths. 
i i i . S t e e l rods. 
i v . Wooden blo c k s , 
v. Metal w i r e s , 
v i . P l a s t i c tubes, 
1, The length of the s e c t i o n a l sampling gauge i s 1.59m 
and i t i s 13mm t h i c k . I t can be separated i n t o three s e c t i o n s . 
Each s e c t i o n has three sample holes 25 x 25mm to allow the 
v e r t i c a l i n s e r t i o n of the sampling d e v i c e s . The d i s t a n c e 
between the holes i s 175mm, 
The s e c t i o n s can be f i x e d together by l o c a t i n g p i n s 
and s i d e f a s t e n e r s secured by wing nuts. When placed on the 
ground, the gauge I s h e l d i n p l a c e by three v e r t i c a l s t e e l 
rods which pass through three 1,0cm diameter l o c a t i n g h o l e s , 
one on each end and one i n the c e n t r e . 
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P l a t e 2.2 : R a s h i d i a n ' s t e c h n i q u e a p p a r a t u s and 
m e a s u r i n g d e v i c e s 
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i i . A square hollow s t e e l tube 35 cm long, with c a l i b r a t i o n s , 
was used to remove s o i l so t hat the samples could be l o c a t e d 
at d i f f e r e n t depths. P a r t of the face i s exposed to a i d 
e x t r a c t i o n of a sample. The maximum depth fo r a sample i s 
275mm, but i t could be i n c r e a s e d i f r e q u i r e d . However, the 
sample can be s p l i t i n t o s e c t i o n s each of 20 mm or more deep. 
i i i . A s e r i e s of square wooden blocks 2.5 x 2.5 x 1.0cm, 
with a s m a l l hole d r i l l e d 0.5cm deep i n the centre, are used. 
Each i s p l a c e d at the bottom of a sample hole. Wooden blocks 
are s u f f i c i e n t l y durable, but other s u i t a b l e m a t e r i a l s 
( p r e f e r a b l y hard p l a s t i c ) could be used. 
i v . A 1.0mm diameter s t e e l w i r e i s f i t t e d t i g h t l y i n t o 
the c e n t r a l hole of each wooden block. The wire responds 
to any changes i n the p o s i t i o n of the blocks due to s o i l 
movement at each depth. 
v. Three s t e e l rods 60,0cm long and 1,0cm i n diameter 
are used, both to keep the s e c t i o n s of aluminium gauge s t a b l e 
on the ground s u r f a c e during sampling, and to r e t a i n t h e i r 
i n i t i a l p o s i t i o n f o r readings to be taken. 
v i . 2,5cm diameter p l a s t i c tubes of d i f f e r e n t lengths are 
i n s e r t e d i n the h o l e s to prevent c o l l a p s e and other 
d i s t u r b a n c e s . 
c. F i e l d o p erations 
The sequence of operations i s as f o l l o w s : 
- A sample l o c a t i o n i s determined and the s e c t i o n a l 
aluminium gauge i s f i x e d a c r o s s the slope, p a r a l l e l 
to the contours. 
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Three s t e e l rods are pla c e d i n t o the three sample holes 
on the gauge and i n s e r t e d i n the bedrock with a heavy 
hammer to hold the aluminium gauge s t a b l e on the ground. 
Sample holes are made usi n g the square c o r e r at 
l o c a t i o n s determined by the square holes on the sampling 
gauge. 
The c o r e r i s pressed I n t o the s o i l to obtain sample 
holes to the r e q u i r e d depth. The f i r s t sample hole on 
the l e f t i s taken as the i n i t i a l hole i n the s e t and 
i t s depth i s 3,0cm, 
Each subsequent sample hole i s 3.0cm deeper than the 
previous one i n the s e r i e s . 
A l t e r n a t i v e l y , the depth of subsequent sample holes 
could be v a r i e d randomly (e.g, determined by 
random numbers). 
Wooden blo c k s , with w i r e s of d i f f e r i n g lengths f i x e d 
to the cen t r e , are placed a t the bottom of the sample 
h o l e s , so t h a t the w i r e s protrude 1,0cm above the 
ground and c o i n c i d e with the top edge of the square 
sample hole. 
The i n i t i a l p o s i t i o n s of the w i r e s are determined by 
measuring the d i s t a n c e of the w i r e s from each edge 
of the square sample hole on the aluminium gauge, 
usi n g a V e r n i e r c a l l i p e r , The squares a c t as a c o n t r o l 
f o r measuring changes i n the w i r e s . 
The s e c t i o n s of aluminium a r e c a r e f u l l y removed, 
l e a v i n g a s e t of w i r e s and s t e e l rods along the l i n e 
of" instrumentation. 
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v-ii . - To prevent the holes from c o l l a p s i n g or the w i r e s 
from being d i s t u r b e d by vegetation roots or worms, each 
i s p r o tected with a p l a s t i c tube which i s i n s e r t e d i n 
the hole, so t h a t the tube end i s above the wooden 
block and the top i s approximately l e v e l with the edge 
of the hole or above i t . 
d. Measurement 
i . - The s e c t i o n s of aluminium gauge are re p l a c e d p r e c i s e l y 
over the sample. S t e e l rods guide the aluminium gauge 
to the exact p o s i t i o n p r e v i o u s l y used. 
11.- Readings are taken by measuring the d i s t a n c e s between 
the top of the w i r e s and the edge of upper s i d e s of the 
square sample holes i n the gauge. 
i l l . - The r e s u l t a n t change i n p o s i t i o n of each wire i s recorded 
on the appropriate t a b l e , 
i v . - I n i t i a l readings are used as a base point and subsequent 
readings are compared with the i n i t i a l v a l u e s . The 
changes i n the w i r e s are used to determine a d i s -
placement p r o f i l e , 
e. A n a l y s i s of the equipment 
1 - S e c t i o n a l aluminium gauge. 
The s e c t i o n a l aluminium gauge with square sample hole 
on i t i s used as a guide f o r : 
i . - Making sample holes as near v e r t i c a l as p o s s i b l e . 
i i . - Taking a s e r i e s of sample holes a t o p t i o n a l depth. 
i i i . - Acting as a c o n t r o l f o r measuring the changes i n 
p o s i t i o n of the w i r e s . 
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2 - S t e e l s e c t i o n tube ( c o r e r ) 
T h i s equipment has been designed to the f o l l o w i n g 
s p e c i f i c a t i o n s ; 
i . - The sample holes r e q u i r e d can be taken a t o p t i o n a l 
depths. 
i i . - A s o i l p r o f i l e can be taken from a sample of s o i l i f 
req u i r e d . 
i i i . - 5.0cm from the top end of the tube, a 1.0cm diameter 
hole has been d r i l l e d f o r f i t t i n g a handle to 
remove the c o r e r , 
iv. - To minimise s o i l disturbance and damage, the c u t t i n g 
edge has been sharpened and the case hardened. 
3 - Cubic wooden b l o c k s 
i . - To avoid decay, durable wooden bloc k s were chosen and 
they can e a s i l y creep with the s o i l , so that a change 
i n o r i e n t a t i o n of the blocks and t h e r e f o r e the w i r e s 
w i l l give an a c c u r a t e measurement of s o i l movement. 
i i . - The bloc k s e x a c t l y f i t the sample h o l e s . Any movement 
can be r e f l e c t e d by the block and the wire, 
4 r. Wires 
i . - Metal w i r e s 4.5cm to 28,5cm long were each placed i n 
the appropriate sample h o l e s . 
t, Advantages' and l i m i t a t i o n s 
The main advantages of t h i s technique are t h a t : 
1, The problem of obtaining short-term readings i n Young's 
p i t s , bore h o l e s and dowelling p i l l a r s has been overcome. 
i i . Using t h i s technique, i t i s p o s s i b l e to obtain d i r e c t 
measurements i n the s o i l p r o f i l e . 
i i i . D isturbances to the s o i l system w h i l e s e t t i n g up the 
apparatus are comparatively s m a l l . 
i v . I t i s p o s s i b l e to take frequent measurements without 
d i s t u r b i n g the s o i l and instruments. 
v f Simultaneous measurements of s o i l v a r i a b l e s , such as 
temperature and moisture, can be made i f r e q u i r e d as 
w e l l as measurements of changes i n the w i r e s . 
v i . No more than 1.0cm of wire protrudes above the s o i l 
s u r f a c e ; t h e r e f o r e the r i s k of disturbance and 
vandalism i s s m a l l . 
v i i . T h i s technique i s s u f f i c i e n t l y p r e c i s e (0.1mm r e s o l -
u t i o n i f a V e r n i e r c a l l i p e r i s used f o r measuring). 
v i i i . T h i s technique i s simple to use, cheap to make and 
r e p l i c a b l e , and i t may be adopted f o r d i f f e r e n t 
v a l u e s of s o i l - t h i c k n e s s and slope angle and cur v a t u r e . 
L i m i t a t i o n s 
i . The major l i m i t a t i o n s and d i f f i c u l t i e s a r i s e from 
v a r i a t i o n s i n the s i z e of the wooden block during wet 
and dry peri o d s which may a f f e c t the p o s i t i o n s of the 
w i r e s , Using hard p l a s t i c i n s t e a d of wood overcomes 
t h i s problem. 
i i . No measurements are produced of movement at j u s t below 
the s u r f a c e of the s o i l , as the f i r s t measurement i s 
at 3.0cm depth. 
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i i i . O c c a s i o n a l disturbance of the samples may be caused 
by animals. 
i v . The main problem i s that of d i f f e r e n t i a t i n g between 
l i n e a r movements and v e r t i c a l changes. I n p r a c t i c e 
t h i s could be done by monitoring the p o s i t i o n of the 
wire top from the top edge of the square sample i n 
the aluminium gauge. 
v. I t would be i d e a l i f the s t e e l rods could be i n s e r t e d 
i n t o bedrock. T h i s can be done when the bedrock i s 
e a s i l y a c c e s s i b l e , otherwise any attempts to secure 
the s t e e l rods p e r f e c t l y may cause s i g n i f i c a n t s o i l 
d isturbance. 
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2.6.5 Conclusion 
The a p p l i c a t i o n of four d i f f e r e n t instruments has 
many advantages: 
a. The r e s u l t s from a l l instruments can be compared. 
b. Each instrument can be regarded as a c o n t r o l f o r 
the others. 
c. By comparing the r e s u l t s of measurements, any 
disturbance of an instrument can be i d e n t i f i e d . 
d. Both angular movements ( l i n e a r ) and mass movements 
(v o l u m e t r i c ) can be inspected. 
e. Short term and long term period of creeping s o i l 
can be measured. 
Two important p o i n t s should a l s o be noted. 
i . The re f e r e n c e p o i n t s f o r a l l techniques used i n t h i s 
study are assumed to be f i x e d , i f some are not a b s o l u t e l y 
s t a b l e , t h e i r movements i n comparison with movable instruments 
( w i r e s i n Young's P i t , Wooden block i n Rashidian's Technique, 
P l a s t i c tube i n Anderson's tubes and wooden p i l l a r s ) are very 
s m a l l . I f they move downslope, values measured f o r creep 
w i l l underestimate the absolute r a t e . 
i i . I n ca s e s where the s o i l i s so deep that the re f e r e n c e 
p o i n t s cannot be drive n i n t o the rock, excavation of s o i l 
would cause massive disturbance. I t was decided t h e r e f o r e 
not to cement the r e f e r e n c e p o i n t s i n t o the s o i l . 
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CHAPTER THREE 
SELECTION OF THE MAIN EXPERIMENTAL AREAS 
3.1 Int r o d u c t i o n 
In Chapter One, the process of s o i l creep and f a c t o r s 
a f f e c t i n g i t were d i s c u s s e d . C r i t e r i a f o r s e l e c t i n g a study 
area have been mentioned by s e v e r a l workers, f o r example 
Leopold (1962), Slaymaker and Chorley (1964), and Anderson 
(1977). For s t u d i e s such as t h i s , c h o i c e s are made on at 
l e a s t four s c a l e s i n v o l v i n g : 
1. The general region f o r study 
2. B a s i n s w i t h i n t h a t region 
3. One p a r t i c u l a r basin 
4. S i t e s or u n i t s w i t h i n t h a t b a s i n 
With due a t t e n t i o n to the above and us i n g Ordnance 
Survey maps at s c a l e s of 1:63360 and 1:10000, a Geological 
map at 1:63360, a e r i a l photographs, and the advice of 
Dr. Anderson, who has c o n s i d e r a b l e r e l e v a n t experience 
(having worked on a s i m i l a r s u b j e c t i n Rookhope during 
1972-1977), the K i l l h o p e b a s i n w i t h i n Weardale, lo c a t e d i n 
the western uplands of County Durham, was s e l e c t e d 
( F i g s . 3.1, 3.2). 
3.2 , C r i t e r i a f o r s e l e c t i o n 
The main c r i t e r i a f o r t h i s s e l e c t i o n can be summarised 
i n t hree stages: 
a. General region 
The western uplands of County Durham (North Pennines) 
were chosen because : 
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A combination of low temperatures and l o c a l l y high 
e f f e c t i v e p r e c i p i t a t i o n has produced an environment 
i n which the s o i l creep process i s p a r t i c u l a r l y 
e f f e c t i v e . 
Meteorological data and d e t a i l e d information about 
the geology, s o i l and vegetation were a v a i l a b l e . 
I t was a c c e s s i b l e by road. 
b. Basin w i t h i n the North Pennine region 
The K i l l h o p e Moor b a s i n was s e l e c t e d because : 
Although i t has not been i n v e s t i g a t e d from the point of 
view of s o i l creep, other workers have researched i n 
comparable areas i n c l u d i n g Young (1963), Kirkby (1967), 
Evans (1974) and Anderson (1977). Therefore the r e s u l t s 
can be compared. 
I t i s s u f f i c i e n t l y remote that vandalism i s r e l a t i v e l y 
r a r e , so that i t seems q u i t e s a f e f o r t h i s study. 
Slope f a c e t s , a t a v a r i e t y of angles, were c l e a r l y 
d i s t i n g u i s h a b l e . 
L o c a l meteorological data were a v a i l a b l e . 
The f a c i l i t i e s o f f e r e d by the F i e l d Centre l o c a t e d 
nearby i n Lanehead were very h e l p f u l . 
c. P a r t i c u l a r b a s i n w i t h i n K i l l h o p e Moor : 
A u n i t on both s i d e s of the road between Lanehead and 
the K i l l h o p e pass was s e l e c t e d . The length of t h i s u n i t i s 
about 4 k i l o m e t r e s . The main reasons f o r s e l e c t i n g t h i s 
p a r t i c u l a r a r e a were : 
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I t i s e n t i r e l y w i t h i n the drainage b a s i n of K i l l h o p e 
Moor. 
I t allows a p r o f i l e of the study a r e a r i s i n g to the 
watershed on both s i d e s of the v a l l e y to be s t u d i e d . 
V a r i a t i o n s i n environmental c o n d i t i o n s i n the region 
and of course i n the b a s i n can be d i s t i n g u i s h e d and 
sampled. 
The d i s t r i b u t i o n of the s i t e s i s such t h a t they can be 
measured during one v i s i t . 
Access from a road f a c i l i t a t i n g the i n s t a l l a t i o n and 
use of apparatus, was another reason f o r t h i s 
s e l e c t i o n . 
3.3 Location of the study are a 
The area chosen f o r f i e l d measurements i s l o c a t e d i n 
the west of County Durham. I t i s a p a r t of the drainage b a s i n 
of the R i v e r Wear i n Upper Weardale and i t i s centred on 
K i l l h o p e Moor. The highest point i n the b a s i n i s the summit 
of K i l l h o p e Law, 673m above sea l e v e l , and the o u t l e t of the 
b a s i n i s at an e l e v a t i o n of 371m, g i v i n g a r e l i e f of 302m. 
The area of the b a s i n i s 23 square kilometres, and i t i s 
surrounded by high ground which i s represented by the h i l l tops 
of K i l l h o p e Law (673m), Stangent Rigg (618m), Knoutberry H i l l 
(668m), Lamb's Head (647m), Highwatch C u r r i c k (639m) and 
Cow Horse H i l l (625m) ( P l a t e 3.1). The high western 
p a r t of County Durham and the watershed i s represented i n 
t h i s area by K i l l h o p e pass which, at the point where the 
A689 road passes i n t o Cumbria, has an e l e v a t i o n of 618m. 
T h i s road runs through the study area and allows easy a c c e s s . 
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The basin i s drained by numerous permanent streams which flow 
mainly from north to south and west to east ( P l a t e 3.1). 
T h i s p a r t i c u l a r catchment was s e l e c t e d because of i t s 
a c c e s s i b i l i t y f o r data c o l l e c t i o n . 
3.4 Background to Upper Weardale and the study area 
Since the l a s t century, Weardale has a t t r a c t e d the 
a t t e n t i o n of many s c i e n t i s t s , p a r t i c u l a r l y with regard to land 
use, water use, geology, mineralogy and pedology. The most 
important geomorphological documents on the area are those 
by Dwerryhouse (1902), T r o t t e r (1929), R a i s t r i c k (1931), 
Maling (1955), Atkinson (1968), Beaumont (1968), Vincent (1969), 
Falconer (1970) and Anderson (1977). 
In Weardale the dominant f e a t u r e i s the gently warped 
mass of Carboniferous sediments of the Alston Block. The 
River Wear d r a i n s eastwards through a b a s i n opening eastward 
from the c e n t r e of t h i s Block, the highest and northernmost 
s e c t i o n of the Pennine Upland ( P l a t e 3.2). 
3.4.1 Geology 
The geology of t h i s region has been i n v e s t i g a t e d i n 
d e t a i l by Westgarth F o r s t e r (1809), Winch (1817), Wallace 
(1861), Dunham (1948), Maling (1955), Bott (1960), Johnson 
(1967), Burgess and Wadge (1974), King (1976.) and Robson (1980).. 
I t i s , however, considered n e c e s s a r y to i n c l u d e a short 
review of t h i s information i n the present work, p l a c i n g 
Upper Weardale i n the context of the whole Alston Block. 
The underlying r i g i d block of the region i s a g r a n i t i c 
mass, as was f i r s t suggested by Dunham (1948), supported 
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by Bott and Masson-Smith (1953, 1957), and proved i n 1961 
at the Rookhope boring at a depth of 390.4m; the hole was 
continued to 806m. I t was found that the g r a n i t e was pre-
Carboniferous i n age and that m i n e r a l i z a t i o n continued down 
in t o the g r a n i t e i t s e l f . The t e c t o n i c e f f e c t of the buried 
g r a n i t e was to s t a b i l i z e the region i n t o a morphological 
u n i t c a l l e d the Alston Block which has been s t r u c t u r a l l y 
p o s i t i v e with a tendency to steady u p l i f t throughout i t s h i s t o r y . 
U p l i f t during the Devonian c r e a t e d a land of mountains and 
intermontane b a s i n s i n Northern England. The region underwent 
continuous e r o s i o n during the Devonian and e a r l y Carbonif-
erous; much of the P a l a e o z o i c cover was eroded away and the 
Weardale g r a n i t e was f i n a l l y exposed at the s u r f a c e . U n t i l 
l a t e i n the Lower Carboniferous the upland was an i s l a n d i n an 
archipelago, but f i n a l l y i t was submerged by the Carboniferous 
sea and subsequently covered by sediments. The main Carbon-
i f e r o u s rotsk^types are limestone, mudstone, sandstone, 
s e a t e a r t h and c o a l , which are arranged i n v a r i o u s c y c l i c or 
rhythmic sequences. 
Carboniferous b a s i n formation : 
The e a r l i e s t Carboniferous d e p o s i t s are coarse con-
glomerates derived from l o c a l parent m a t e r i a l s which f i l l e d 
the hollows i n the old land s u r f a c e and vary i n t h i c k n e s s and 
composition. G r a v i t y surveys have shown that the Lower 
Carboniferous involved r e l a t i v e l y t h i n d e p o s i t i o n on the 
Alston Block ( F i g . 3 . 3 ) . The Weardale g r a n i t e has c o n t r o l l e d 
t h i s p a t t e r n of subsidence. The Lower Limestone Group 
succeeds the basement and i s dominated by the l i g h t coloured 
Melmerby Scar Limestone, which i s w e l l exposed on the margins 
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of the Teesdale i n l i e r . Above the Melmerby Scar Limestone, 
darker limestone bands separated by s h a l e s and sandstones 
enter the s u c c e s s i o n . These c y c l i c beds are c h a r a c t e r i s t i c 
of the Middle Limestone Group, the top d i v i s i o n of the 
Lower Carboniferous. The Middle Limestone Group has a wide 
outcrop i n the region. The base of the Upper Carboniferous 
i s taken at the base of the Great Limestone. The Great 
Limestone l i e s at the base of the M i l l s t o n e G r i t S e r i e s 
which c o n s i s t s of two f a c i e s , a lower limestone - s h a l e -
sandstone c y c l i c group, and an upper g r i t - s h a l e sequence. 
The Great Limestone i s one of the most p e r s i s t e n t l i t h o l -
o g i c a l marker horizons i n the Pennines; i t s outcrop i n 
Weardale i s q u a r r i e d e x t e n s i v e l y ( P l a t e s 3.3, 3.4). 
The Upper d i v i s i o n of the M i l l s t o n e G r i t c o n s i s t s of 
coarse g r i t s w ith interbedded sandstones, s h a l e s and gan-
i s t e r s together with marine bands and t h i n c o a l seams. E a r t h 
movement, which had caused gentle f o l d i n g during the l a t t e r 
p a r t of the Carboniferous period, reached a climax around the 
Carboniferous-Permian boundary i n the Hercynian Orogeny. 
U p l i f t with doming, f o l d i n g , f a u l t i n g and t h r u s t i n g took p l a c e 
and the Great Whin s i l l was intruded. Subsequently, both the 
g r a n i t i c mass and the Carboniferous s t r a t a have been meta-
morphosed along the l i n e s of mineral v e i n s , which are 
e x t e n s i v e i n the Alston Block. 
In the K i l l h o p e study area there i s a s e r i e s of hor-
i z o n t a l l y bedded sandstones, limestones and mudstones which 
form the lower s t r a t a of the Carboniferous. These are 
a f f e c t e d by a complex of mineral v e i n s and t h e i r a s s o c i a t e d 
micro-metamorphism imposed on the highest of the s e r i e s . 
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Th e highest i n present day a l t i t u d e i s the 'Millstone g r i t 1 
s e r i e s which forms the watershed area and below t h i s l e v e l 
the bands of sandstone of t h i s s e r i e s form v a l l e y s i d e 
'steps' ( F i g . 3.4). T h i s s e r i e s o v e r l i e s the Upper Lime-
stone Group and the s u c c e s s i o n to the Scar Limestone of the 
Middle Limestone Group i s f u l l y represented. The southern 
par t of the catchment i s formed of the Yore dale s e r i e s , a 
sequence of limestones, s h a l e s and sandstones. 
The topography r e f l e c t s the geology of the catchment; 
The more r e s i s t a n t Four Fathom and Great Limestone bands 
together with the G r i t S i l l stand out as benches around the 
catchment. These bands cause sm a l l w a t e r f a l l s where they 
are crossed by the stream channels. I n v e s t i g a t i o n of the 
s u p e r f i c i a l d e p o s i t s has y i e l d e d i n t e r e s t i n g r e s u l t s . I n 
the lower p a r t s , t e r r a c e d e p o s i t s and t i l l are found mainly 
around the main streams. V a r i a t i o n s i n a l t i t u d e , slope, 
parent m a t e r i a l , p r e c i p i t a t i o n and vegetation even i n such a 
small a r e a have a great i n f l u e n c e on the development of the 
s o i l s . There are s e v e r a l f a u l t s mainly trending north-south 
and north-west-south-east as w e l l as mineral v e i n s i n 
d i f f e r e n t d i r e c t i o n s ( F i g . 3.4). 
3.4.2 Geomorphological development 
The l a s t stage of d e p o s i t i o n of the Carboniferous 
rocks of the Northern Pennines took p l a c e about 290 m i l l i o n 
y e a r s ago. At the beginning of T e r t i a r y time a land-mass 
came i n t o being and the present topography began to form. 
During t h i s p e r i od the s o l i d r o c k s were eroded. Throughout 
the region,the main r e l i e f f e a t u r e s have been c r e a t e d l a r g e l y 
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as the r e s u l t of er o s i o n during the T e r t i a r y . From the end 
of the T e r t i a r y , n e a r l y two m i l l i o n years ago, general 
c l i m a t i c c o o l i n g during the Quaternary l e d to the gradual 
development of g l a c i e r s . During t h i s period the region was 
covered by i c e - s h e e t s which eroded and moulded the topography. 
P o s t - g l a c i a l time began about ten thousand y e a r s ago, and 
ero s i o n of bedrock and g l a c i a l d e p o s i t s has continued during 
t h i s period and the alluvium, peat and s o i l which now cover 
the ground s u r f a c e have g r a d u a l l y accumulated. The g l a c i a l 
sequence of the Pennines, i n c l u d i n g the study area (Upper 
Weardale) has been s t u d i e d by s e v e r a l workers (Dwerryhouse, 
1902 ; T r o t t e r , 1929 ; R a i s t r i c k , 1931 ; Dunham, 1948 ; 
Tufnell,1969 ; Johnson & Dunham, 1963; Beaumont, 1968; 
Vincent, 1969; Burgess, 1974; Lunn, 1980). These s t u d i e s 
can be summarised as f o l l o w s : 
T r o t t e r found evidence of two major g l a c i a t i o n s i n 
the region. He c o r r e l a t e d the major g l a c i a t i o n s with the 
Older and Newer D r i f t of e a s t e r n England. I n the Older D r i f t , 
or e a r l y S c o t t i s h Boulder Clay g l a c i a t i o n , i c e from southern 
Scotland and the Lake D i s t r i c t deposited a lower t i l l . T h i s 
i c e sheet was followed a f t e r a period of time by Newer D r i f t 
or Main G l a c i a t i o n . During the Main G l a c i a t i o n i c e sheets 
from the Lake D i s t r i c t and Scotland formed a great g l a c i e r 
over the Vale of Eden which escaped north-eastwards i n t o the 
Tyne v a l l e y and south eastwards over Stainmore.(Fig.3.5). 
T r o t t e r a l s o demonstrated t h a t i c e from the Vale of Eden 
crossed every c o l i n the Pennine escarpment north of 
Cross F e l l , i n t o the south Tyne v a l l e y . R a i s t r i c k (1943) 
suggested t h a t only the higher p a r t s of Cross F e l l , and the 
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h i l l s around Upper Weardale, remained uncovered by i c e 
during the g l a c i a l maximum. Vincent (1969), i n a d e t a i l e d 
study of the north-western p a r t of the Alston Block, has 
shown that a t the maximum phase of g l a c i a t i o n the region 
was covered by i c e from Eden s i d e , w h ile, at a l a t e r stage, 
Cross F e l l became an important a r e a of i c e d i s p e r s a l . 
The g l a c i a l h i s t o r y i n d i c a t e s t h a t Weardale 
f e l l w i t h i n the l i m i t s of Wolstonian a n d Devensian g l a c -
i a t i o n of the B r i t i s h I s l e s (West, 1968). Much work has 
been c a r r i e d out concerning the d i r e c t i o n of e r r a t i c s i n 
Weardale. Dwerryhouse, i n h i s work on the d i s t r i b u t i o n of 
i c e , d e s c r i b e d the g l a c i a l d e p o s i t s of Weardale as a s t i f f 
blue boulder c l a y and Atkinson (1968) s t a t e d " I t [the t i l l ] 
i s a b l u i s h grey i n colour w i t h r e d d i s h b l o t c h i n g around 
included stones and root channels." Moore ( i n F r a n c i s 
1972, p.141, Geology of Durham County) notes the presence of 
a lower t i l l which r e s t s on rockhead, and t h i s i s l o c a l l y 
o v e r l a i d i n the Eastgate-Swinhope area by another t i l l , which 
has been reworked by s o l i f l u c t i o n . Moore a l s o notes the 
presence of e x t e n s i v e sands, g r a v e l s , s i l t s and c l a y s which 
at E astgate s t a t i o n extend to 25m below the present f l o o d 
p l a i n . The f i r s t f e a t u r e s of deglac'ation are thought by 
Moore to be high l e v e l melt water drainage channels at about 
550m i n the Ireshopeburn and Allenheads a r e a s . A f e a t u r e 
i n t e r p r e t e d as a Kame-terrace was formed i n the l a t e r stages 
of d e g l a c i a t i o n , most e x t e n s i v e l y along the northern s i d e of 
Weardale. A f t e r the disappearance of the i c e , some r e s o r t i n g 
of the d e p o s i t s by f l u v i a l means took p l a c e , but t h i s was 
a l s o a period of i n t e r m i t t e n t s o l i f l u c t i o n , and d e p o s i t s of 
i 
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head are found interbedded with f l u v i a l sand and g r a v e l . 
On the higher ground, s o l i f l u c t i o n was marked and 
f o s s i l patterned ground and block streams have a l s o been 
recorded by Moore. Such observations on the e x i s t e n c e 
of p e r i g l a c i a l phenomena i n t h i s a r e a are i n accord 
with other observations made i n adjacent a r e a s , f o r 
example by T u f n e l l (1969), and by Johnson and Dunham (1963) 
i n the Cross F e l l a r e a . Most of these phenomena o r i g -
i n a t e d f o l l o w i n g the disappearance of the i c e s h e e t s , 
and they may g e n e r a l l y be r e f e r r e d to as the end of 
the Devensian, perhaps with some extension i n t o the 
e a r l y F l a n d r i a n . Johnson (1963) a l s o s t a t e d that i n 
Upper Weardale the r e t r e a t of the i c e l e f t deposit 
composed of coarse g r a v e l s and sands i n t o which the 
p o s t - g l a c i a l stream eroded to form a sequence of t e r r a c e 
f e a t u r e s above the present f l o o d p l a i n . 
The l a t e - g l a c i a l and p o s t - g l a c i a l a c t i o n i n 
Upper Weardale has been s t u d i e d i n d e t a i l by Atkinson 
(1968) and F a l c o n e r (1970). F a l c o n e r s t a t e d that "the 
c h a r a c t e r i s t i c s of the s u r f a c e l a y e r s of m a t e r i a l i n 
many p a r t s of Weardale a t t e s t the a c t i o n of f r o s t 
i n t h e i r development" (Ph.D. T h e s i s , p.36). However, 
according to F a l c o n e r ' s i n v e s t i g a t i o n s , the L a t e - and 
P o s t - G l a c i a l e r a i n Weardale must have been one of 
i n t e n s e p e r i g l a c i a l c l i m a t e with permafrost having 
a c o n s i d e r a b l e e f f e c t on the c h a r a c t e r of the c l a y -
r i c h rock s t r a t a . Mass wasting and h i l l wash must 
at t h i s stage have been a c t i v e i n the production of the 
t y p i c a l l y s t r a t i f i e d h i l l s l o p e m a t e r i a l with a l a y e r of 
l a r g e stones found about one foot below the s u r f a c e . 
3.4.3 S o i l 
Recent i n v e s t i g a t i o n s of the s u p e r f i c i a l d e p o s i t s i n 
Upper Weardale (Maling, 1955; Atkinson, 1968; Fa l c o n e r , 
1970) have y i e l d e d I n t e r e s t i n g r e s u l t s t h a t can be summarized 
as f o l l o w s : 
a. The l a c k of e r r a t i c s or other evidence f o r g l a c i a l 
c o n t r i b u t i o n s from o u t s i d e the confines of the Dale, 
p a r t i c u l a r l y i n the study area, emphasises the l o c a l 
o r i g i n of a l l s o i l parent m a t e r i a l s ; 
b. S o i l parent m a t e r i a l s are derived e i t h e r d i r e c t l y 
from the underlying s t r a t a , or i n d i r e c t l y by g l a c i a l 
t r a n s p o r t or mass movement from f a i r l y s i m i l a r s t r a t a . 
c. Over much of the a r e a s o l i d rock i s near the s u r f a c e 
but the d r i f t v a r i e s considerably i n depth over very 
s h o r t d i s t a n c e s CFalconer, 1970), 
d. Atkinson (.1968) recognised f i v e major c a t e g o r i e s of 
parent m a t e r i a l i n Upper Weardale i n c l u d i n g : 
weathered rock Climestone, s h a l e s , sandstones. Whin 
S i l l ) , s o l i f l u c t i o n d e p o s i t s , t i l l , a l l u v i a , and 
s p o i l (Table 3,1) ( T i g . 3,6, 3.7). Also he i d e n t i f i e d 
t h r e e main c l a s s e s of s u p e r f i c i a l d e p o s i t s i n Upper 
Weardale namely: 
i . The upland r e g o l t t h on r i d g e s and i n t e r f l u v e s . 
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Table 3.1 : A c l a s s i f i c a t i o n of s o i l parent m a t e r i a l s 
Parent m a t e r i a l Genetic process 
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mi
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1. Weathered Rock 
(Limestone, s h a l e s , 
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h i l l w a s h contamin-
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2. S o l i f l u c t i o n 
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ee
s 3. T i l l Transport and depos-
de
gr
ee
s 
i t i o n by l o c a l i c e . 
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s 
In
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4. A l l u v i a 
5. S p o i l 
F l u v i a l p r o c e s s e s . 
Disturbance by man 
(miners) 
i i . S o l i f l u c t i o n d e p o s i t s on slope f l a n k s and v a l l e y s i d e s . 
i i i . T i l l , and r i v e r a l l u v i a , i n v a l l e y bottoms. 
According to Atkinson (1968), on i n t e r f l u v e s where s o l i d 
rock occurs near the s u r f a c e , a s u p e r f i c i a l r e g o l i t h i s often 
present i n Weardale and c o r r e l a t e s w e l l with what Ragg and 
Bibby (1966) d e s c r i b e d as a f r o s t weathering product. 
The Upland r e g o l i t h of Weardale shows a pronounced 
s t r a t i f i e d morphology, and an upper l a y e r which c o n s i s t s of 
stony, subangular rubble. 
Although the major forms of the slope d e p o s i t s are 
thought to d e r i v e from a previous permafrost period and are 
hence r e l i c t r a t h e r than contemporary f e a t u r e s , present 
freeze-thaw c y c l e s are of importance l o c a l l y . I n a d d i t i o n 
to important pedologic i n f l u e n c e s such as peat e r o s i o n and 
i n c r e a s e d spring-melt, the formation of i c e leads to the 
heaving of s u r f a c e horizons, both organic and m i n e r a l , and 
produces patterned m i c r o r e l i e f f e a t u r e s (Atkinson, 1968). 
In the case of t i l l and a l l u v i a l m a t e r i a l Atkinson s t a t e s 
t h a t d e p o s i t s l a i d down by a Quaternary g l a c i e r i n Upper 
Weardale are r e s t r i c t e d to the main v a l l e y f l o o r and lower 
s i d e s l o p e s , p a r t i c u l a r l y along the southern s i d e of the 
v a l l e y . The t i l l of the lower s l o p e s v a r i e s i n t e x t u r e and 
composition but g e n e r a l l y i t i s a s t i f f c l a y or c l a y loam, 
c o n t a i n i n g boulders of l o c a l rock which are c h a r a c t e r i s t i c a l l y 
smooth and s t r i a t e d . Within the slope deposits the included 
stones c o n s i s t predominantly of sandstones which are g e n e r a l l y 
subangular and seldom smoothed and s t r i a t e d . By c o n t r a s t , 
t i l l c o n t a i n s l a r g e numbers of sandstone and limestone e r r a t i c s . 
-78-
There are not any f l u v i o - g l a c i a l sands and g r a v e l s i n Upper 
Weardale; upstream from the lca:iie t e r r a c e at Eastgate a l l coarse 
m a t e r i a l along the v a l l e y f l o o r i s f l u v i a l i n o r i g i n . 
The most s i g n i f i c a n t f e a t u r e of Upper Weardale i s that 
much of the b a s i n i s covered by blanket-peat up to lm t h i c k . 
The peat l a r g e l y c o n s i s t s of Ca l l u n a , Eriophorum and 
Sphagnum. S p o i l , mine t a i l i n g , d i sused s h a f t s and hushing 
are common f e a t u r e s i n Upper Weardale because of the long 
h i s t o r y of mining and quarrying. During the l a s t two decades 
drainage a c t i v i t y and a f f o r e s t a t i o n have occurred i n Upper 
Weardale e s p e c i a l l y on ge n t l e slopes covered by blanket peat. 
The r e s u l t s of these a c t i v i t i e s may be of importance i n 
renewed pedogenesis. 
However, the f o l l o w i n g sequence which supports and 
completes F a l c o n e r ' s work was i d e n t i f i e d along a p r o f i l e (1,2) 
which passes through the instrumented a r e a ( F i g . 4.2 and 3.8). 
The co-operation of Mr. M.J.Alexander of the Department of 
Geography i n i d e n t i f i c a t i o n of s o i l p a t t e r n s i n the f i e l d i s 
g r a t e f u l l y acknowledged. 
a. Blanket peat 
L i k e the other p a r t s of the study area, the high 
ground over 550m supports an e x t e n s i v e cover of blanket peat. 
I t v a r i e s i n t h i c k n e s s from 0.2m on the g r i t stone to 2.0m 
on the gentle s h a l e s l o p e s , covers a l l the highest p o i n t s and 
extends over a wide range of land s u r f a c e s i n the study area. 
b. Peaty gley 
The upland peat g i v e s way on lower ground to peaty 
gley s o i l s . The gleyed horizon shows a v a r i e t y of mottling 
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p a t t e r n s with the presence of red and brown segregations 
around r o t t e d sandstone fragments. In the p r o f i l e , the area 
between C l a y s i k e and High Gin Shaft i s covered by t h i s s o i l . 
c. Ranker s o i l 
T h i s p a t t e r n , i n which humus-rich s o i l with mineral 
content i s l e s s than 0.3m t h i c k , can be found below peaty 
gley, mainly i n the Great Limestone area. The p r o f i l e shows 
four patches of t h i s s o i l between Snodbery Cleugh and North 
Cleugh. 
d. Surface water gley 
In t h i s p a t t e r n , the s u r f a c e organic matter horizon 
i s very t h i n and i t o v e r l i e s about 0.25m of s a t u r a t e d and 
gleyed mineral m a t e r i a l . T h i s g i v e s way with depth (more than 
0.3m) to a drained s u b s o i l with mottling. The area between 
Lanehead and Hardsike i s mainly covered by t h i s p a t t e r n of 
s o i l . 
e. Brown c a l c a r e o u s s o i l 
T h i s p a t t e r n of s o i l occurs mainly on limestone outcrops 
and i s d i s t r i b u t e d on both s i d e s of the main road, between 
Lanehead and K i l l h o p e head bridge. 
3.4.4 Climate 
The c l i m a t e of the Pennine uplands has been a s u b j e c t 
of s p e c i a l i n t e r e s t to c l i m a t o l o g i s t s and meteorologists on 
account of the great c o n t r a s t s to be found over r e l a t i v e l y 
short d i s t a n c e s (Atkinson, 1968). T h i s i s d e f i n i t e l y the case 
i n Upper Weardale. The most important v a r i a t i o n s are caused by 
such c o n t r a s t s as a l t i t u d e , aspect, exposure and land 
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configuration-The d i s t r i b u t i o n of p r e c i p i t a t i o n , temperature 
range and speed and d i r e c t i o n of wind are d i r e c t f u n c t i o n s 
of these v a r i a b l e s . However, the prime c l i m a t i c c o n t r a s t s 
w i t h i n the drainage b a s i n of Upper Weardale are conditioned 
by a l t i t u d e and exposure. Atkinson (1968) pointed out t h a t 
the extremes and s e v e r i t y of the c l i m a t e over 550m i s 
moderated on v a l l e y s l o p e s , and f u r t h e r moderation i s i n 
evidence i n r e l a t i v e l y s h e l t e r e d t r a c t s of the v a l l e y f l o o r . 
The c l i m a t i c c h a r a c t e r of the a r e a i s thus a r e f l e c t i o n of 
the topographic c h a r a c t e r . He a l s o quoted records obtained 
at Lanehead School during the 1960-1961 season - that on the 
higher p a r t s of Upper Weardale p r e c i p i t a t i o n approaches 
1850mm, f a l l i n g to approximately 875mm at Stanhope ( F i g . 3 . 9 ) . 
D i s t r i b u t i o n s tend to be even throughout the year and r a i n 
can be expected on more than seventeen days i n August and on 
more than fourteen days i n both J u l y and September. Also, 
the number of raindays per year v a r i e s from about 220 i n 
the west to 180 i n the e a s t of the Dale s e c t i o n . Snowfall 
records taken by Manley (1939-43) and records from Alston 
and Nenthead, j u s t to the west of the study area, i n d i c a t e 
t h a t snow-cover f o l l o w s the dominant a l t i t u d i n a l gradient, 
averaging 80 days over 510m i n the west and decreasing 
s t e a d i l y to 30 days at Stanhope (182m) i n the e a s t . 
The study a r e a i s i n the h i g h e s t s e c t i o n of the Dale, 
i n which the h e a v i e s t s n o w f a l l o c c u r s . V a r i a t i o n i n the 
duration of snow cover i s great from year to year (e.g. the 
extended period of snow-lie from October 1965 to May 1966 at 
Lanehead School (442m). Snowfall has been recorded i n a l l 
months except J u l y and August, with maximum f a l l s o c c u r r i n g 
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i n January, February and March (Atkinson, 1968). Within the 
study area, data are more s c a r c e f o r temperature than for 
r a i n f a l l . Temperature records c o l l e c t e d by Catchpole 
(1960-61) for Lanehead School (442m) are q u i t e u s e f u l to 
help understand the annual temperature changes i n the study 
area ( F i g . 3 . 1 0 ) . These records show a d i f f e r e n c e of 
20.6°C between the lowest monthly mean of 0.5°C ( J a n u a r y ) , 
and the highest monthly mean of 21.1°C (August). T h i s 
compares with longer standing records at Nenthead (457m) 
with mean January and J u l y temperature of 0.5°C and 12.2°C 
r e s p e c t i v e l y . S t a t i s t i c s f o r both s t a t i o n s i n d i c a t e a 
p a t t e r n of cool summers and c o l d w i n t e r s . Atkinson r e l a t e d 
the length of growing season to a l t i t u d e , quoting a decrease 
at a r a t e of ten days per 76m. 
Mean wind speeds a l s o r e f l e c t a l t i t u d e , v e l o c i t i e s 
being recorded i n Upper Weardale which can be twice those 
of the lowlands to the e a s t . Anderson (1977) i l l u s t r a t e d the 
monthly readings f o r Moor House and Durham (Table 3.2 and 
F i g . 3 . 1 1 ) . 
Table 3.2 : Mean Monthly Wind speed Knots: 
Moor House and Durham 
S t a t i o n J F M A M J J A S 0 N D Year 
Moor House 
555m 
16.2 15.9 16.0 13.5 13.2 11.9 11.1 11.6 12.3 13.5 13.7 15.7 13.7 
Durham 
101m 
8.8 8.8 9.4 8.3 7.1 6.1 5.8 5.9 6.0 6.6 7.2 8.8 7.4 
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However, because of the l a c k of a permanent Meteorol-
o g i c a l S t a t i o n i n the catchment, i t i s d i f f i c u l t to obtain 
accurate data for the study area. To enlarge on the previous 
information i t seems to be u s e f u l to present the meteorological 
data f o r Moor House f o r a r e l a t i v e l y long period of time 
(1970-1980) ( T a b l e s 3.3, 3.4) together with meteorological 
data a v a i l a b l e f o r a r e s t r i c t e d period (1960-1961) for both 
Moor House and Lanehead ( T a b l e s 3.5, 3.6 and F i g s . 3.12, 3.13). 
T h i s i s j u s t i f i a b l e because the environmental c o n d i t i o n s of 
the study a r e a are very s i m i l a r to those of Moor House. 
Another source of information was meteorological data obtained 
d i r e c t l y from Lanehead f o r 1960-61 by Catchpole (1966) and 
1968-70 by L a v i s (1973) F i g . 3.13. 
According to the a v a i l a b l e data, the monthly p r e c i p -
i t a t i o n i n the study area v a r i e s between 47.5mm and 235mm and 
the t o t a l p r e c i p i t a t i o n i n Lanehead (442m) i s 1362.5mm. T h i s 
i s expected to be l e s s than annual p r e c i p i t a t i o n i n K i l l h o p e 
(600m) because of the d i f f e r e n c e i n a l t i t u d e . Since p r e c i p -
i t a t i o n occurs during a l l months of the year, much of the 
s u r f a c e of the s i t e s tends to remain permanently damp. T h i s 
c o n d i t i o n i s helped by the g e n e r a l l y low temperatures which 
do not r i s e above 14.0°C. Also, not only i s the warm season 
short but the w i n t e r s are long and severe. Although snow i s 
an obvious element of i n t e r e s t f o r t h i s study, because of the 
l a c k of permanent ob s e r v a t i o n s , information on frequency of 
s n o w f a l l and snow cover are l i m i t e d . An i n t e r v i e w with some 
of the l o c a l people i n d i c a t e d t h a t s n o w f a l l u s u a l l y begins 
e a r l y i n November and the whole area i s covered by snow 
fo r more than 50 days during November, December, January, 
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February and March. T h i s period extends to 70 days at 
K i l l h o p e (above 600m). However p r e c i s e assessment f o r snow 
cover i s not easy i n t h i s catchment. I t i s i n t e r e s t i n g to 
plo t monthly p r e c i p i t a t i o n , with mean temperature, a g a i n s t time 
( F i g . 3 . 1 4 ) . The v a r i a t i o n i s q u i t e wide; some c o l d months 
may a l s o be dry (February and March). I t seems reasonable 
to suggest t h a t the p e r s i s t e n c e of a general snow cover i n 
the area i s probably more c l o s e l y r e l a t e d to the mean temper-
ature than to the frequency of occurrence of days with snow 
f a l l i n g . 
In g eneral, the pe r i o d of snow cover i s i n c r e a s e d 
by both low mean temperature and high a l t i t u d e . 
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3.4.5 Vegetation 
Climate and vegetation both e x e r c i s e an i n f l u e n c e 
on s o i l formation and movement, so i t i s necessary to consider 
both i n the study of s o i l creep. However, f u l l understanding 
of the present p a t t e r n of vegetation d i s t r i b u t i o n r e q u i r e s 
d e t a i l e d information on past changes and d i s t r i b u t i o n s . 
Valuable information on the vegetation h i s t o r y of Weardale 
can be obtained from the works of R a i s t r i c k ( 1 9 3 1 ) , P e a r s a l l 
(1950), Johnson (1963), Atkinson (1968), Pennington (1969) 
and Bellamy (1970). The present complicated mosaic of veg-
e t a t i o n i s the r e s u l t of s e v e r a l i n t e r a c t i n g f a c t o r s 
(Atkinson, 1968). I n Upper Weardale t h i s complication i s 
more s t r i k i n g than i n the middle or lower p a r t s of the Dale. 
The most important reason f o r t h i s s t r i k i n g c o n t r a s t i s the 
gre a t e r e f f e c t of r e l i e f i n the Upper Dale. V a r i a t i o n s i n 
the slope and a l t i t u d e produce d i f f e r e n c e s i n micro-climate. 
V a r i a t i o n s i n parent m a t e r i a l , aspect and drainage are a l s o 
c o n s i d e r a b l e . Lewis (1904) presented a g e n e r a l i s e d veget-
a t i o n map of the Als t o n Block which i n c l u d e s the study a r e a 
( F i g . 3.15a). Atkinson's 1964-68 i n v e s t i g a t i o n s showed some 
changes s i n c e Lewis's o r i g i n a l map (Fig . 3 . 1 5 b ) . A comparison 
of Atkinson's map with t h a t of Lewis (1904) r e v e a l s that 
many of the "mixed" a s s o c i a t i o n s are changing from one veget-
a t i o n type to another, or missing some type as a r e s u l t of sheep 
g r a z i n g or human i n t e r f e r e n c e . A c l a s s i f i c a t i o n of present 
vegetation i n Upper Weardale as given by Atkinson (1968) i s 
l i s t e d i n Table 3.7. 
-97-
N 
T 
O f O' 
Vacciniun, and heather ooors with 
Kriopliorum 
Heather, with cotton grass 
Heather noor, Calluna douitiant 
Mixed coniferous wood, c h i e f l y spruce 
and larch 
Crass heath, grass with general heath 
f l o r a 
Grass heath, w i t h cotton grass 
Upland c u l t i v a t i o n , no oats 
Streams 
Fig. 3.15a D i s t r i b u t i o n o f vegetation i n the basin o f the Killhope 
burn. A f t e r Lewis (1904) 
» 1 
•F-
' 
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/ 
9 
$ 
» P 
'"*» 
Calluna Erfophorum a vacciniun! 
Calluna Eriophorum 
Grass heath 
Heather Moor 
Erldphorum - Grass heath 
Woodland 
Improved pasture 
County boundary 
Main road 
Fig. 3.1S'b : D i s t r i b u t i o n o f vegetation i n the basin o f the 
Killhope burn. A f t e r Atkinson (1968). 
km 
Table 3.7 
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Weardale vegetation : Major communities 
A Grasslands 1 Meadow Past u r e s 
2 A g r o s t i s -• F e s t u c a 
3 Nardus 
B Woodlands 1 Mixed Deciduous 
2 B e t u l a 
3 Pinus 
4 Spruce 
C Heaths 1 C a l l u n a - Eriophorum - Vaccinium 
2 C a l l u n a - Eriophorum 
3 C a l l u n a - Grass heath 
4 C a l l u n a - Juncus squarrosus 
5 C a l l u n a - Nardus 
6 Pteridium 
D Moorland 1 Sphagnum Bog 
2 Juncus squarrosus Bog 
3 Juncus e f f u s u s Bog 
4 Eriophoruir i Bog 
5 Molinia Bog 
6 Mixed Wet Bog 
7 Molinia - Eriophorum 
8 Eriophorum - Vaccinium 
9 E r o s i o n complex 
A f t e r Atkinson (1968) 
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3.5 Man's e f f e c t upon the landscape 
The present landscape of the study area bears the 
marks of o l d lead mining a c t i v i t y ( P l a t e 3.5). The importance 
of t h i s i s emphasised by the presence of l a r g e mine 
dumps, spoil-heaps of lead-mines, hushes and d i s t u r b e d 
ground ( P l a t e 3.6). A l i t t l e f u r t h e r down the v a l l e y l a r g e 
gashes a r e to be found i n the v a l l e y s i d e s . These a r e 
'hushes',[where the lead ore which occurred i n v e r t i c a l 
v e i n s was e x t r a c t e d ] • The workings were open-cast and the 
remaining s c a r s are s i m i l a r to very s m a l l quarry workings. 
The s p o i l heaps of the l e a d mines and the l a r g e areas of 
d i s t u r b e d ground are t y p i c a l of the Dale (Dunham, 1948). 
The major a g r i c u l t u r a l a c t i v i t y today i s p a s t o r a l 
farming which i s c a r r i e d on around these r e l i c t f e a t u r e s . 
Between Lanehead and K i l l h o p e Burn, s e v e r a l farms e x i s t . 
Wellhope Burn a l s o has many s m a l l farms s c a t t e r e d along i t s 
v a l l e y s i d e s , A l a r g e a r e a has been planted by the F o r e s t r y 
Commission mainly below 580 metres. Above t h i s a l t i t u d e 
the peat moorland i s used mainly f o r sheep g r a z i n g . P a r t 
of the moorland has been drained by c u t t i n g shallow trenches 
i n order to modify the v e g e t a t i o n to give b e t t e r pasture 
( p l a t e 3.7). 
3.6 Conclusion 
1, The study area ( K i l l h o p e b a s i n ) i s a catchment on the 
watershed drained by a headwater t r i b u t a r y of the 
R i v e r Wear i n County Durham. 
2. I n the study area t h e r e i s a s e r i e s of h o r i z o n t a l l y 
bedded Sandstone, Limestone and Mudstones which form 
the lower s t r a t a of the Carboniferous a f f e c t e d by a 
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P l a t e 3.5 : E v i d e n c e of former l e a d - m i n i n g a c t i v i t y 
i n Upper Weardale 
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3,6 ; Cowhorse Hush, a p a r t - n a t u r a l but 
l a r g e l y a r t i f i c i a l e r o s i o n a l f e a t u r e . 
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• 
• 
P l a t e 3,7 ; A d r a i n i n g t r e n c h on t h e p e a t moorland 
(above 600 m) 
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complex of mineral v e i n s . 
3. The g l a c i a l h i s t o r y i n d i c a t e s that the study area 
f e l l w i t h i n the l i m i t s of Wolstonian and Devensian 
g l a c i a t i o n of the B r i t i s h I s l e s , but the i c e was of 
l o c a l (Pennine) o r i g i n . 
4. The most common f e a t u r e of the study a r e a i s t h a t 
much i s covered by blanket peat ( p a r t i c u l a r l y on the 
high ground over 550 me t r e s ) . Brown c a l c a r e o u s 
s o i l occurs mainly on limestone outcrops but 
va r i o u s types of gleyed s o i l are more frequent. 
5. The study a r e a can be considered as one of the 
co l d e s t and we t t e s t p a r t of the Pennine Uplands i n 
which the h e a v i e s t snow f a l l o c c u r s . I n t h i s c a t c h -
ment the most important v a r i a t i o n s are caused by such 
c o n t r a s t s as a l t i t u d e , aspect, exposure and land 
c o n f i g u r a t i o n ( P l a t e 3.8). 
6. V a r i a t i o n s i n a l t i t u d e , aspect, slope, parent m a t e r i a l 
and drainage produce d i f f e r e n c e s i n microclimate and 
veget a t i o n . The most common ve g e t a t i o n types are 
Heather moor ( C a l l u n a and Eriophorum), Grass heath, 
(Vaccinium),and mixed c o n i f e r o u s wood- c h i e f l y spruce 
( P i c e a ) and l a r c h ( L a r i x ) . 
7. The presence of l a r g e mine dumps, s p o i l heaps from 
lead mining and quarrying, are a common i n d i c a t i o n of 
the e f f e c t of man on the landscape i n t h i s study area. 
104 
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P l a t e 3.8 : P h o t o g r a p h shows heavy snow l y i n g on 
t h e h i g h g r o u n d i n t h e s t u d y a r e a . 
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CHAPTER FOUR 
INSTRUMENTATION OF STUDY AREA 
4.1 I n t r o d u c t i o n 
During the p r e l i m i n a r y reconnaissance of the area, i t 
was observed t h a t t here are f i v e d i f f e r e n t s i t e types i n the 
catchment area. Therefore i t was decided that each type be 
instrumented as a p a r t i c u l a r sample s i t e . C r i t e r i a f o r 
sampling were as f o l l o w s : 
Each s e l e c t e d p l a c e presented a p a r t i c u l a r dominant 
c h a r a c t e r i s t i c . 
The e x i s t e n c e of minor d i f f e r e n c e s i n aspect, slope 
angle, vegetation, depth of s o i l and a l t i t u d e . 
Easy a c c e s s i b i l i t y . 
The method f o r s e l e c t i n g and mapping the s i t e s was 
as f o l l o w s : 
a, I n each s i t e one main sample stationwas s e l e c t e d and i t 
was instrumented u s i n g an a s s o c i a t i o n of d i f f e r e n t 
techniques, 
b, Environmental v a r i a t i o n s e.g. vegetation, s o i l , aspect 
i n each s i t e were instrumented u s i n g Anderson's tubes. 
c, The main sample p o s i t i o n s were assumed to be c o n t r o l s 
f o r the Anderson's tube r e s u l t s . 
(Plots) 
Using t h i s method 44 sample points^were instrumented 
and a l l of them were mapped on f i v e d e t a i l e d maps which 
show the l o c a t i o n of each sample s i t e , 
d, The primary measurement of each sample s i t e was recorded 
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on a d e t a i l e d t a b l e . However, an attempt was made to 
s e l e c t the main sample s t a t i o n at each s i t e so that 
i t represented the c h a r a c t e r i s t i c s of the s i t e s . 
4.2 Measurement programme and s i t e s e l e c t i o n 
The experimental catchment i n the K i l l h o p e area was 
e s t a b l i s h e d i n order to study the nature of the s o i l creep 
process and i t s r e l a t i o n s h i p to c e r t a i n other f a c t o r s of 
the environment w i t h i n the study area. The emphasis of the 
study was upon r e l a t i v e l y long term measurement, over a 
period of 18 months of s o i l creep at f i v e sampling s i t e s 
w i t h i n the catchment, using four d i f f e r e n t methods and 
instruments. 
Understanding the d i f f e r e n c e s i n r e s u l t s obtained 
from each s i t e r e q u i r e d the determination of the main v a r -
i a b l e s i n v o l v e d i n s o i l creep. The execution of the exper-
imental design r e q u i r e d four s t a g e s : 
1, S e l e c t i n g the sampling s i t e s i n the study a r e a . 
2, Making sketch maps of the sampling s i t e s and 
surveying r e l e v a n t p r o f i l e s u sing a Suunto clinometer 
( s u r v e y i n g p o i n t s at 5m, i n t e r v a l s ) . 
3, S e l e c t i n g a p p l i c a b l e techniques and instruments, 
bearing i n mind t h e i r c a p a b i l i t i e s and l i m i t a t i o n s . 
4, Instrumentation of the sampling s i t e s i n the study are 
5, Taking readings and r e c o r d i n g the r e s u l t s . For 
s e l e c t i n g sampling s i t e s , the determination of 
v a r i a t i o n s i n the study a r e a was c a r r i e d out i n the 
f o l l o w i n g s t a g e s : 
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a. C o l l e c t i n g a l l a v a i l a b l e documents and data on 
s t r u c t u r a l f e a t u r e s , s o i l , vegetation, human 
a c t i v i t i e s and other f a c t o r s involved. 
b. Observing the whole study a r e a during three v i s i t s 
and c o n s u l t i n g Dr. Anderson and Dr. Cox during i n i t i a l 
v i s i t s to the study area. 
c. I n t e r v i e w i n g the l o c a l people. 
d. Using Ordnance Survey maps ( s c a l e 1:63,360, 1:25,000, 
and 1:10,000), a g e o l o g i c a l map ( s c a l e 1:63,360), 
s o i l d i s t r i b u t i o n map ( s c a l e 1:23,750), vegetation 
maps produced by Lewis (1904) and Atkinson (1968) 
and a e r i a l photographs ( s c a l e 1:10,000). 
As has been des c r i b e d i n Chapter Two, a l l techniques 
and instruments designed f o r measuring the r a t e of s o i l creep 
have advantages and l i m i t a t i o n s . I t seems reasonable to use 
a range of techniques and instruments. The problem was that 
using a l l s e l e c t e d techniques and instruments i n each sampling 
point ( p l o t ) was p r a c t i c a l l y d i f f i c u l t and r e q u i r e d a long 
period of time f o r instrumentation, reading and laboratory 
t e s t of s o i l . Therefore, i t was decided to s e l e c t a main 
sampling c o n t r o l s t a t i o n u s i n g a c o l l e c t i o n of Young's p i t , 
Wooden P i l l a r s , Anderson's tubes and Rashidian's instrument 
CFig,4.1). Furthermore, a range of p l o t s v arying from the 
point of view of aspect, s l o p e angle, s o i l and vegetation 
was s e l e c t e d and instrumented using Anderson's tubes. 
The advantages of t h i s procedure were: 
a. The m u l t i v a r i a t e nature of the c o n t r o l s could be 
evaluated a t each sample s i t e . 
-109-
y . p 
O 
• 0 o 0*0 o 0*0 o o * 
Y o u n g ' s Pi t 
• • • P i l l a r s 
A n d e r s o n ' s tubo 
• O O O • R a s h i d i a n ' s t o c h n l ^ u * 
F i g - 4 - 1 L a y out of c o n t r o l s t a t i o n 
-110-
b. The r e s u l t s obtained from Anderson's tubes could be 
compared with the r e s u l t s of instruments i n the 
c o n t r o l s t a t i o n s . 
c. Using a s e t of d i f f e r e n t techniques and instruments 
at the c o n t r o l s t a t i o n permitted comparison of the 
r e s u l t s obtained u s i n g each technique. 
d. The r a t e of s o i l creep r e l a t e d to v a r i a t i o n s i n the 
f a c t o r s involved i n the whole study a r e a could be 
compared with those obtained i n other r e s e a r c h . 
I t should be noted t h a t each s i t e s e l e c t e d i n t h i s 
study i s d i s t i n c t i v e , d i f f e r i n g from the others with r e s p e c t 
to a l t i t u d e , v e getation cover, s o i l , aspect and slope angle. 
S o i l depth was measured u s i n g an auger to reach the 
bed rock. I n some s i t e s i n which i t was d i f f i c u l t to reach the 
bedrock, the depth was assumed to be more than 0.5m. However, 
according to the d i f f e r e n c e s and v a r i a b i l i t i e s f i v e sampling 
s i t e s were s e l e c t e d ( F i g . 4.2): 
Two sampling s i t e s on the top of the North Cleugh 
t r i b u t a r y ' s watershed, ( s i t e s 1,2). 
One s i t e i n the planted a r e a near the bottom of the 
North Cleugh v a l l e y , ( s i t e 3 ) . 
One s i t e i n the Great Limestone a r e a on both s i d e s 
of K i l l h o p e S i k e , ( s i t e 4 ) . 
The l a s t s i t e was s e l e c t e d between Puddingthorn 
pasture and Lanehead, ( s i t e 5 ) . 
I t was thought that such a s e l e c t i o n would represent the range 
of s o i l creep i n the study area. 
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4.3 L o c a t i o n and c h a r a c t e r i s t i c s of s a m p l i n g s i t e s 
4.3.1 S a m p l i n g s i t e No. 1 
T h i s b a s i n trends east-west near the watershed of 
North Cleugh. I t i s c h a r a c t e r i s t i c a l l y peat covered. The 
b a s i n i s drained by a s m a l l stream and a number of a r t i f i c i a l 
d i t c h e s . Disturbed and eroded land caused by o l d lead 
mining a c t i v i t i e s i s widespread. A p o r t i o n of the b a s i n , 
p a r t i c u l a r l y the stream bank and d i s t u r b e d s o i l i n weathered 
s h a l e a r e a i s bare. T h i s a l l o w s a comparison to be made 
between the vegetated and bare p o r t i o n s . The vegetated 
p o r t i o n c o n s i s t s of C a l l u n a v u l g a r i s , Nardus s t r i c t a and 
Sphagnum spp. 
The main c o n t r o l s t a t i o n was e s t a b l i s h e d on the veg-
e t a t e d p o r t i o n and 9 sampling p o i n t s ( p l o t s ) d i s t r i b u t e d i n 
both vegetated and bare p o r t i o n s as a r e s u l t of d i f f e r e n c e s 
i n v e getation cover, slope angle, s o i l , and aspect and the 
Anderson's tube i n the c o n t r o l s t a t i o n was used as a 
standard instrument. 
The l o c a t i o n and c h a r a c t e r i s t i c s of c o n t r o l s t a t i o n 
and p l o t s i n t h i s s i t e are shown i n Table 4,1 and F i g u r e s 4.2 
4.3, 4.3a & P l a t e 4.1. 
S o i l p r o f i l e d e s c r i p t i o n s f o r p l o t s measured at t h i s 
s i t e are as f o l l o w s : 
P l o t No.l - Top 3 cm F,H p a r t l y decomposed. 3-7 cm Of ( F i b r o u s 
peat) c o n s i s t i n g mainly of w e l l preserved p l a n t 
remains, 7-10 cm A horizon, 10-25 cm B & C horizon 
with herbaceous r o o t s and some woody r o o t s . 
25-40 cm s h a l e . 
P l o t No.2 - 0-5 cm F,H accumulated p a r t l y decomposed l i t t e r . 
6- 11 cm 01 ( f i b r o u s p e a t ) , 11-25 cm. A horizon 
with herbaceous r o o t s . Below 25 cm, weathered s h a l e 
P l o t No.5 - 0-30 cm C horizon.weathered s h a l e with sparse 
r o o t s . 
P l o t No.6 - 0-2 cm L, 2-4 cm F p a r t l y decomposed, 4-7 cm Of, 
7- 15 cm Oh (humified peat) with herbaceous r o o t s . 
15-28 cm 0 and A horizon. 
P l o t No.7 - 0-1 cm L. 1-4 cm F,H. 4-10 cm Oh with 
herbaceous r o o t s . 10-18 cm A. Below 18 cm 
B horizon. 
P l o t No.9 - 0-1 cm L, l-4cm F,H. 4-11 cm Oh horizon, s t r o n g l y 
decomposed organic m a t e r i a l with woody roots 
11-30 cm A horizon with f i n e s i l t y c l a y (1-3 cm) 
t h i c k at 15-16 and 21-25 cm. 
P l o t No.10 - 0-30 cm C horizon, weathered s h a l e with sparse 
woody roots and m o t t l i n g , P r o f i l e 4.1. 
No d e s c r i p t i o n has been given f o r m i s s i n g p l o t s 
shown on sketch map. F i g . 4.3. 
Note: D e s c r i b i n g and sampling s o i l p r o f i l e f o r t h i s study has 
been c a r r i e d out using the ' S o i l Survey F i e l d Handbook'. 
T e c h n i c a l monograph No.5, compiled and e d i t e d by 
J.M. Hodgson 1974, and ' S o i l c l a s s i f i c a t i o n f o r England 
and Wales', T e c h n i c a l Monograph No.14, B.W. Avery 1980. 
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Table 4.1 C h a r a c t e r i s t i c s of c o n t r o l s t a t i o n and 
p l o t s i n sampling s i t e No.l 
Sample No. Slope Depth of S o i l Vegetation dominant 
s o i l 
1 10° >0.5m S i l t y c l a y C a l l u n a v u l g a r i s & 
loam Nardus s t r i c t a 
2 3° >0.5m Loamy sand C a l l u n a v u l g a r i s & 
Nardus s t r i c t a 
5 15° 0.4m Clay loam Bare 
6 12° 0.5 m Loamy sand Nardus s t r i c t a 
7 5 P 0.45 Loamy sand Nardus s t r i c t a 
9 3° 0.5m Loamy sand Sphagnum spp. 
10 20° o.4m Loam Bare 
- ] 1 7-
Sphagnum 
Anderson's tube 
Control station 
Quarry (dis) 
P r o f i l e l i n e 
Calluna vulgaris 
Nardus s t r i c t a 
Stream 
10 20 m 
Fig. 4.3 : Sketch map showing sampling s i t e No,l 
Control station Grid r e f : 801431 
Numbered contours are enlarged from O.S : 1 0000 sheet NY 84 SW, 
others are interpolated by the author. 
30. 60. 90. 120. 150. 180. 
DISTRNCE (M) 
F i g . 4.3a : Slope p r o f i l e of the instrumented area a t 
sampling s i t e No.1. 
_H9-
4.3.2 Sampling s i t e No.2 
The second sampling s i t e was s e l e c t e d at the source 
of North Cleugh, about 100m north of K i l l h o p e Cross. T h i s 
b a s i n i s a l s o covered by peat. The peat covering the 
gentle s l o p e s of the watershed i s c h a r a c t e r i s t i c a l l y d i s s e c t e d 
by s m a l l channels. The most s t r i k i n g f e a t u r e s of t h i s sample 
s i t e are the presence of r e l i c s of o l d mining a c t i v i t i e s . 
V a r i a t i o n s i n the veg e t a t i o n are a l s o c o n s i d e r a b l e . The 
vegetation c o n s i s t s of C a l l u n a v u l g a r i s , Nardus s t r j c t a , 
Juncus squarrosus. and Sphagnum spp. Because of the d i f f e r e n c e s 
of s o i l , slope and vegetation cover, t h r e e t r a n s e c t s were 
s e l e c t e d . Each t r a n s e c t was Instrumented u s i n g Anderson's 
tubes ( F i g . 4,4). The c o n t r o l s t a t i o n was e s t a b l i s h e d i n the 
middle of t r a n s e c t s u s i n g a Young's p i t , Anderson's tube, 
Wooden p i l l a r s and Rashldian's technique. Table 4.2 shows 
more d e t a i l s of l o c a t i o n and s p e c i f i c a t i o n of t h i s sample 
s i t e . 
S o i l p r o f i l e d e s c r i p t i o n f o r p l o t s at t h i s s i t e are 
as f o l l o w s : 
P l o t No,l - 0-3 cm L, 3-10 cm Of ( f i b r o u s p e a t ) . 10-16 cm C 
mainly s i l t y c l a y with weathered sandstone c l a s t s 
throughout. 16-30 cm weathered sandstone. 
P l o t No.2 - 0-8 cm A horizon with m o t t l i n g predominantly 
along root c h a n e l s . 8-30 cm weathered s h a l e . 
P l o t No.3 - 0-1 cm L. 1-5 cm F, H. 5-10 cm Oh, abundant 
herbaceous and woody r o o t s . 10-30 cm A horizon. 
(5-7 cm l a y e r of sand ( f l u v i a l ) . 
P l o t No,7 - 0-3 cm F, H. 4-11 cm A horizon mainly s i l t y c l a y . 
11-30 cm C horizon, weathered s h a l e . Mottled with 
sp a r s e herbaceous and woody r o o t s . 
Prof i lc 4-2 
- 1 2 0 -
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P l o t No, 10 r 0.2 cm A horizon mainly c l a y s i l t with f i n e 
g r a v e l c l a s t s . 2-5 cm AC - coarse s h a l e 
c l a s t s . 5~30 cm C horizon c l a y s i l t with 
f i n e g r a v e l c l a s t s , abundant herbaceous 
r o o t s , 
P l o t No,11 ^ 0<-30 am C horizon, weathered s h a l e 
m o t t l i n g very prominent, 11^-30 cm 
i s o l a t e d m o t t l i n g . 
Table 4.2 C h a r a c t e r i s t i c s of c o n t r o l s t a t i o n and p l o t s i n 
Sample No. Slope Depth of 
s o i l 
S o i l Vegetation dominant 
1 8° >0,5m Si.lty loam C a l l u n a v u l g a r i s 
Nardus s t r i c t a 
2 8° 0.4m Clay loam Bare 
3 4 p >0,5m Sand Juncus squarrosus 
7 15° 0.4m Clay loam C a l l u n a v u l g a r i s 
10 20° 0.5m Loamy sand C a l l u n a v u l g a r i s 
11 3° 0.4m Clay loam Bare 
No d e s c r i p t i o n has been given f o r mi s s i n g p l o t s shown 
on sketch map Fig.4.4. 
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Fig. 4.4 : Sketch map showing sampling s i t e No.2 
Control station Grid r e f : 802433 
Numbered contours are enlarged from O.S. 1:10000 sheet NY 84 SW, 
others are interpolated by the author. 
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4.3.3 Sampling s i t e No.3 
Sampling s i t e No.3 was s e l e c t e d i n b a s i n s of northern 
t r i b u t a r i e s of North Cleugh, north of K i l l h o p e head bridge. 
The s o i l s sampled are mostly humic ranker s o i l and peat. A 
p o r t i o n of t h i s b a s i n has been planted with con i f e r o u s t r e e s . 
The v e getation c o n s i s t s of a g e n e r a l l y uniform covering of 
c o n i f e r o u s f o r e s t , Poa p r a t e n s i s and F e s t u c a ovina. The 
main c o n t r o l s t a t i o n was e s t a b l i s h e d on the edge of the 
f o r e s t north of K i l l h o p e bridge (beyond the f e n c e ) . Also, 
two t r a n s e c t s were s e l e c t e d , one i n t o the fenced f o r e s t and 
the other one i n the unplanted a r e a . I n each t r a n s e c t 
sampling p o i n t s ( p l o t s ) were s e l e c t e d and i n each p l o t an 
Anderson's tube has been e s t a b l i s h e d . 
The c r i t e r i a f o r s e l e c t i n g two t r a n s e c t s with d i f f e r e n t 
a s p e c t s were v a r i a t i o n s i n s o i l ( d i s t u r b e d and n a t u r a l 
s o i l ) , and v e getation (vegetated and b a r e ) . The f i r s t 
t r a n s e c t I n the planted area was p l a c e d to the north of the 
c o n t r o l s t a t i o n . The second t r a n s e c t was placed to the 
south west of the c o n t r o l s t a t i o n . 
The l o c a t i o n and s p e c i f i c a t i o n of t h i s sampling 
s i t e are shown i n Table 4.3 and F i g u r e s 4,2, 4.5 and P l a t e 4.1. 
S o i l p r o f i l e d e s c r i p t i o n s f o r p l o t s measured at t h i s 
s i t e are as f o l l o w s : 
P l o t No.l - 0-1 cm L, 1-4 cm Of ( f i b r o u s peat) 4-6 cm Om 
c o n s i s t s mainly of p a r t i a l l y decomposed p l a n t s . 
6-11 cm Oh (humified peat) e x i s t i n g herbaceous 
r o o t s , 11-30 cm A horizon loamy sand. 
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P l o t No,3 - Top 5 era Of, 5-14 cm Oh (humified peat) 
c o n s i s t i n g of s t r o n g l y decomposed organic m a t e r i a l 
14-18 cm Ah horizon. 18-30 cm B horizon, s i l t y 
c l a y with sandstone. 
P l o t No.6 - Top cm F, p a r t l y decomposed l i t t e r . 6-13 cm Oh 
horizon, 13-30 cm Ah horizon, s i l t y loam with 
herbaceous and woody r o o t s . 
P l o t No,7 - 0-1 cm L. 1-5 cm F. 5-30 cm A horizon, sandy loam 
with medium g r a v e l c l a s t s , P r o f i l e 4.3. 
Table 4,3 
Sample No. 
1 
Slope 
Sample p l o t s c h a r a c t e r i s t i c s i n sampling 
s i t e No.3~T 
Depth of S o i l Vegetation dominant 
s o i l , 
0,5 m Sand Coniferous t r e e s 
F e s t u c a ovina 
& Poa p r a t e n s i s 
0,4 m Peat 
6 10' 0.4 m Peat 
15« 0.3 m S i l t y loam 
No d e s c r i p t i o n has been given f o r mi s s i n g p l o t s shown 
on sketch map F i g . 4.5. 
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P r o f i l e 4-5 Soil horizon description at sampling s i t e No.5. 
Plot No. 
0 
Of 
Om 
Of 
Oh 
10 Oh Oh 
15 
Ah 
20 
25 
30 
Ah 
35 
Mixed zone between horizons 
Coniferous forest Gully 
Nardus s t r i c t a m. Stream 
Festuca ovina .. Flood deposits 
Poa pratensis ® Control station 
Calluna vulgaris © Anderson's tube 
-- _ _ Bare - P r o f i l e l i n e 
7 • MIL 
/ 4 + 
\1U 
YML 
t i l / ' 
,0" tip 
10 
Fig, 4.5: Sketch map showing sampling s i t e No. 3 
Control station cHa r e f : 802433 
Numbered contours are enlarged from O.S. 1:10000 sheet NY 84 SW, 
others are interpolated by the author. 
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4.3.4 Sampling s i t e No.4 
Sampling s i t e No.4 was s e l e c t e d i n a b a s i n i n the 
Great Limestone area, near the j u n c t i o n of K i l l h o p e S i k e 
and K i l l h o p e Burn. A l a r g e p o r t i o n of t h i s b a s i n has a l s o 
been planted by the F o r e s t r y Commission u s i n g coniferous t r e e s . 
The a r e a i n c l u d e s slopes with angles of between 5° 
and 35 °, a s o i l depth of between 0.1m and 0.5m, and a v a r i e t y 
of drainage c o n d i t i o n s . Vegetation-covered s l o p e s are 
dominated by Poa p r a t e n s i s and Poa a n g u s t i f o l i a i n the 
woodland, and Juncus e f f u s u s and Sphagnum spp i n the unwooded 
area . Also w i t h i n the s e l e c t e d bas'in are o l d mining remains 
and q u a r r i e s so t h a t i t i s s e r i o u s l y d i s t u r b e d . 
The c o n t r o l s t a t i o n was e s t a b l i s h e d at the boundary 
of the f o r e s t and two t r a n s e c t s were s e l e c t e d on both s i d e s 
of the stream. In each t r a n s e c t Anderson's tubes were 
i n s t a l l e d randomly. I t was intended t h a t these would provide 
an i n t e r e s t i n g comparison between creep r a t e s on n a t u r a l 
and d i s t u r b e d s o i l s on both s i d e s of the stream. The 
l o c a t i o n and c h a r a c t e r i s t i c s of the c o n t r o l s t a t i o n and 
sampling p o i n t s ( p l o t s ) are shown i n Tables 4.4 and 4.6 and 
Figure 4.6, and P l a t e 4.2. 
S o i l p r o f i l e d e s c r i p t i o n s f o r sampling p l o t s measured 
at t h i s s i t e are as f o l l o w s : 
P l o t No.l - Top 2 cm F p a r t l y decomposed l i t t e r . 2-15 cm A 
horizon. Sandy c l a y loam with herbaceous r o o t s . 
Below 15 cm C horizon, weathered sandstone. 
P l o t No.2 - Top 2 cm F. 2-20 cm A horizon sandy loam with 
r o o t s . 20-30 cm B horizon, i l l u v i a l concentration 
combining humus and m i n e r a l s , mainly s i l t y c l a y . 
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P l o t No.3 - 0-15 cm A h o r i z o n , dark brown sandy loam w i t h 
r o o t s and f i n e to c o a r s e g r a v e l . 
P l o t No.4 - 0-1 cm L. 1-12 cm Of with f i b r o u s herbaceous 
ro o t s . 12-18 cm A horizon, s i l t y c l a y with roots, 
decreasing with depth. 18-27 cm mottled s i l t y 
loam with coarse c l a s t s and r o o t s . 
P l o t No.5 - 0-25 cm A horizon, sandy c l a y loam with o x i d i z e d 
sandstone c l a s t s ; herbaceous roots extend to 
25 cm. Below 25 cm C horizon. 
P l o t No.7 - 0-1 cm L. 1-4 cm F. 4-25 cm A horizon. Dark brown 
sandy s i l t with coarse sandy g r a v e l and roots. 
25-30 cm brown sandy g r a v e l with herbaceous r o o t s . 
P l o t No.8 - 0-2 cm F. 2-5 cm Of. 5-30 cm A horizon, f i n e sand 
and s i l t y c l a y with herbaceous r o o t s , coarse sandy 
g r a v e l and o x i d i z e d sandstone. 
P l o t No.9 - 0-3 cm Of. 3-9 cm A horizon organic sandy s i l t . 
Colour black. 9-26 cm B horizon. Colour brown 
high l y mottled, f i n e sand and s i l t y c l a y , 
sandstone c l a s t s with herbaceous roots. 
P l o t No.10 - 0-3 cm Of. 3-10 cm A horizon organic sandy 
s i l t ( c o l o u r dark brown) with abundant 
herbaceous r o o t s . 10-24 cm B horizon. Below 
24 cm C horizon. 
No d e s c r i p t i o n has been given f o r missing p l o t s 
shown on sketch map Fig.4.6. 
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T a b l e 4.4 Sample p l o t s c h a r a c t e r i s t i c s i n s a m p l i n g s i t e No.4 
P l o t No. S l o p e Depth of S o i l V e g e t a t i o n dominant 
s o i l 
15° 0.3m Loam Poa p r a t e n s i s & 
Poa a n g u s t i f o l i a 
15° 0.3m Loamy sa n d 
20° 0.3m Loamy s a n d 
12° 0.3m S i l t y c l a y 
0.3m C l a y loam 
2° 0.35m Loamy s a n d Poa p r a t e n s i s & 
C a l l u n a v u l g a r i s 
8 30" 0.4m Loamy s a n d 
0 5':in Loamy s a n d 
10 10° 0.5m Loamy s a n d J u n c u s e f f u s u s 
W1/" C l i t t , s c r o i Ui 1 luvu v u l v;;iri 
Juncus e t t u s u St renin 
Cont vol s l i i t i on Poa p r u t o n s i 
Andevson's tunc C o n i f e r o u s f o r e s t 
P r o f i l c 1 me Al 1 u v 1 L l l l l 
VHt-
oV 1 
2 v^ s-
© 1 
9 
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M l / 
s\(> • 
Nil' \ \ l / / 
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,1// 
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F i g . 4.6 : Sketch map showing s a m p l i n g s i t e No. 4. 
C o n t r o l s t a t i o n G r i d r e f : 802453 
Numbered c o n t o u r s a re e n l a r g e d f r o m O.S. 1:10000 sheet NY 84 SW, 
o t h e r s a re i n t e r p o l a t e d by t h e a u t h o r . 
-135-
B 
IT 
i — 
!_LJ 
\ 
\ i 60 30. DISTANCE (M) 
D Mr 
LxJ 
60 DISTANCE (M) 
F i g . 4 . 6 a : S l o p e p r o f i l e s o f t h e i n s t r u m e n t e d a r e a 
a t s a m p l i n g s i t e No.4. 
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4.3.5 Sampling s i t e No.5 
Sampling s i t e No.5 was sele c t e d i n the Lanehead area 
and includes Lanehead school grounds, the Lanehead p l a n t -
a t i o n area, and Pudding Thorn pastures area. The sampling 
s i t e includes slopes w i t h angles of between 1° and 15°. 
The depth o f s o i l at the sampling p o i n t s ( p l o t s ) v a r i e s 
between 0.2 m and 0.5 m. Vegetation covering the sampling 
p o i n t s v a r i e s due t o s o i l d i f f e r e n c e s and e l e v a t i o n . The 
northern p a r t of the school area i s coniferous woodland, 
and the r e s t of the study area i s covered by Calluna v u l g a r i s , 
Nardus s t r i c t a , Juncus squarrosus and Sphagnum spp. I t can 
be s a i d t h a t each p o r t i o n i s dominated by one of the major 
types of ve g e t a t i o n . 
The c o n t r o l s t a t i o n was e s t a b l i s h e d about 20m east 
of the school building;, and from t h i s a t r a n s e c t was 
sel e c t e d towards the no r t h passing through the wall e d 
pastures of the farms. Along t h i s transect sample p o i n t s 
( p l o t s ) were selected. In each p l o t an Anderson's tube 
was i n s t a l l e d . I t was intended t h a t a l l d i f f e r e n t l y vegetated 
areas should be instrumented. This should allow a d i r e c t 
i n d i c a t i o n of the v a r i a t i o n s of movement w i t h vegetation and 
s o i l t o be obtained. Tables 4.5 & 4.6 and Figure 4.7 & 
P l a t e 4.3 show the l o c a t i o n and s p e c i f i c a t i o n of the c o n t r o l 
s t a t i o n and sample p l o t s . 
S o i l p r o f i l e d e s c r i p t i o n s f o r p l o t s measured at t h i s 
s i t e are as f o l l o w s : 
P l o t No.l - 0-10 cm A h o r i z o n , sandy clay s i l t w i t h 
herbaceous r o o t s . 10-30 cm C horizon weathered 
sandstone w i t h herbaceous roots ( c o l o u r brown). 
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P l o t No.3 - 0-1 cm L, 1-20 cm A horizon, f i n e sandy 
clay Loam. 20-30 cm sand. 
P l o t No.4 - 0-2 cm F p a r t l y decomposed l i t t e r . 2-5 cm H 
horizon. 5-12 cm A horizon organic sandy 
clay , w e l l developed roots throughout. 
12-25 cm sand and s i l t y c lay. 25-30 cm sand 
and s i l t . 
P l o t No.5 - 0-4 cm A horizon 4 t o 14 cm 0 horizon 
14-30 cm f i n e sand w i t h some coarse g r a v e l , 
and r o o t s t o below 30 cm. 
P l o t No.6 - 0-10 cmOFhorizon, f i b r o u s peat. 10-20 cm 
A horizon, organic s i l t y clay ( c o l o u r dark 
brown). 
P l o t No.7 - 0-16 cm Oh humified peat 16-30 Om hori z o n , 
p a r t l y h u m i f i e d peat w i t h herbaceous and 
woody ro o t s ( c o l o u r brown t o dark brown). 
P l o t No.8 - 0-2 cm F. 2-4 cm H. 4-30 cm Oh s t r o n g l y 
decomposed organic m a t e r i a l . 
P l o t No.9 - 0-7 cm F, p a r t l y humified peat. 7-20 cm Oh 
s t r o n g l y h u m i f i e d peat. Below 20 cm Om organic 
s i l t y c l a y , e x i s t i n g r o o t s . 
P l o t No.10 - 0-2 cm L. 2-5 cm H, w e l l decomposed l i t t e r 
mixed w i t h m i n e r a l matter. 5-14 cm Of. 
14-30 cm Bh horizon c o n t a i n i n g t r a n s l o c a t e d 
organic matter w i t h medium t o coarse sand 
w i t h f i n e g r a v e l . P r o f i l e 4.5. 
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Table 4.5 Sample p l o t s c h a r a c t e r i s t i c s i n sampling s i t e No.5 
Sample No. Slope Depth of S o i l Vegetation dominant 
s o i l 
0.3m Loam Poa p r a t e n s i s 
0.4 m Loam 
0.4m Loamy sand Nardus s t r i e t a & 
Poa p r a t e n s i s 
0.5 m Peaty gley 
6 0.5 m Peaty gley Sphagnum spp. Juncus squarrosus & 
Nardus s t r i e t a 
0.5 m Peaty gley 
8 0.5 m Peaty gleyed 
podzol 
Calluna v u l g a r i s 
Nardus s t r i e t a 
9 0.5 m 
10 15 0.5 m Calluna v u l g a r i s 
- ! 4 1-
B 
\M/^ Ca l l u n a v u l g a r i s 10 
w' Nardus s t r i c t a 
Ml/ Poa p r a t e n s i s 
0 
i Juncus squarrosus 
^ 4ft Wall fence 
Control s t a t i o n 
Anderson's tube 
460 C o n t o u r l i n e 
P r o f i l e l i n e 
A 
Main road i f / 
of / 
\ 
\ 
116 \1£' 1 
1// 
M// 
40 0 m 
F i g . 4.7 : Sketch map showing sampling s i t e No.5 
Control s t a t i o n g r i d r e f : 844417 
Numbered contours are enlarged from O.S 1:10000 sheet N.Y 84 SW, 
others are i n t e r p o l a t e d by the author. 
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4.4 Conclusion 
The sampling s i t e s were sel e c t e d , as was the p a t t e r n of 
experimental basins i n the study area, w i t h regard t o 
the v a r i a b l e s a f f e c t i n g the r a t e of s o i l creep. 
- The sampling p o i n t s ( p l o t s ) were each defined as a sub-
d i v i s i o n of a complex sampling s i t e which has a dominant 
vegetation cover, s o i l type or d e f i n i t e slope degree. 
- Using the procedure employed i n the i n s t r u m e n t a t i o n of 
the sampling s i t e s , i t was thought t h a t the e f f e c t s of 
v a r i a t i o n s i n the c o n t r o l o f s o i l creep could be measured. 
For t h i s , an attempt was made t o instrument each charac-
t e r i s t i c aspect on each sampling s i t e . 
- The techniques and instruments used at the c o n t r o l s t a t i o n 
were capable of r e f l e c t i n g b o d i l y movement and p r o v i d i n g 
a p r o f i l e of the r a t e o f creep w i t h depth i n both the 
short term and the long term. 
- The r e s u l t s obtained from the Anderson's tubes at the 
sampling p o i n t s ( p l o t s ) could be c o n t r o l l e d by comparison 
w i t h r e s u l t s from instruments i n c l u d i n g Anderson's tube 
i n the c o n t r o l s t a t i o n . 
I t was d e s i r a b l e t h a t a l l the sampling p o i n t s ( p l o t s ) 
could be read during one v i s i t . This was possi b l e due t o 
the short distance o f the sampling s i t e s from the main 
road which passes through the study area. 
- The gr e a t e s t d i f f i c u l t y a r i s i n g i n t h i s experimental 
design was i n s e l e c t i n g the c o n t r o l s t a t i o n . Every attempt 
was made t o ensure t h a t the c o n t r o l s t a t i o n l o c a t i o n 
r e f l e c t e d the major c h a r a c t e r i s t i c s of each sampling s i t e . 
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CHAPTER FIVE 
EXPERIMENTAL STUDY 
5.1 I n t r o d u c t i o n 
A f u l l study of the process of s o i l creep r e q u i r e s 
an understanding of the i n f l u e n c e of a l l the f a c t o r s i n v o l v e d . 
Following Carson (1969) the f a c t o r s e f f e c t i v e i n c o n t r o l l i n g 
the r a t e of s o i l creep may be d i v i d e d i n t o two general 
groups : (a) b i o c l i m a t i c s e t t i n g , and (b) c h a r a c t e r i s t i c s 
of the rockmass. Anderson (1977) c l a s s i f i e d the e f f e c t i v e 
f a c t o r s i n the process of s o i l creep i n t o three categories: 
a) E x t e r n a l f a c t o r s 
b) Surface f a c t o r s 
c) I n t e r n a l f a c t o r s 
The main e x t e r n a l f a c t o r s suggested as pos s i b l e 
c o n t r o l s of the r a t e of s o i l creep are meteorological cycles 
( w e t t i n g and d r y i n g , c o o l i n g and heating, f r e e z i n g and 
thawing) which have been regarded as t r i g g e r s f o r net down-
slope movement. Among the surface f a c t o r s , slope angle, 
vegetation cover, human and animal influences are considered. 
The determination of the i n f l u e n c e of human and animal 
a c t i v i t i e s i s not easy and there i s some doubt about the 
importance of slope angle i n comparison w i t h some other 
v a r i a b l e s such as s o i l moisture content (Anderson and 
Cox, 1981). 
I n t e r n a l f a c t o r s c o n s i s t of s o i l c h a r a c t e r i s t i c s and 
burrowing animals ( s o i l fauna). I n t h i s study, some of the 
s o i l p r o p e r t i e s which have been regarded as important 
c o n t r o l s were of i n t e r e s t ; these included s o i l moisture i n 
wet and i n dry c o n d i t i o n s , organic content, s o i l t e x t u r e , 
l i q u i d l i m i t , p l a s t i c l i m i t , p l a s t i c i t y index, shear 
s t r e n g t h , bulk d e n s i t y , s p e c i f i c g r a v i t y , dry bulk d e n s i t y , 
p o r o s i t y and v o i d r a t i o . An attempt was made t o provide a 
c l e a r i n d i c a t i o n of s o i l p r o p e r t i e s at each sampling Pl°t, 
using f a c i l i t i e s of the s o i l l a b o r a t o r i e s i n the Geography 
Department and i n the Engineering Geology s e c t i o n i n Durham 
U n i v e r s i t y . The method f o r each t e s t w i l l be described 
b r i e f l y , together w i t h the instruments used. The e f f e c t 
of the growth and the decay of p l a n t r o o t s was d i f f i c u l t 
t o assess i n q u a n t i t a t i v e terms but should be regarded as a 
cause of s o i l movement. 
5.2 Slope angle 
Since microfacets are considered important f o r t h i s 
study and the p l o t s selected are so s m a l l , more accuracy 
i s needed. Micro-features on the s o i l surface and veget-
a t i o n cover may a f f e c t the r e s u l t s . Slope angle i n each 
p l o t was measured using a Suunto clinometer over a i m 
l e n g t h , 50 mm wide, and 10 mm t h i c k wooden board l a i d at 
r i g h t angles t o the contour. This allowed a r e s o l u t i o n 
of 10 minutes of arc. The r e s u l t s which are based on an 
average of three measurements f o r each p l o t (One reading 
at each end of the board and one reading a t the middle) were 
obtained and then the sine of the slope angle was c a l c u l a t e d 
f o r each p l o t . (Table 5.1); they are p l o t t e d i n Fig.5.1. 
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Table 5.1 Sine of slope angle f o r a l l sampling p l o t s 
measured i n study area 
\Plot 
\No. 
3 i t e \ 
No. \ 
1 
1 — 
2 3 4 5 6 7 8 
T 
9 10 
' 1 
i i 
1 0.17 0.05 - 0.25 0.2 0.09 - 0.05 0.34 ; - | 
2 0.14 0.14 ;0.07 - - - 0.25 -
i 
J 
i 
i 
0.17| 0.05 
1 l i 
3 0.12 0.03 - 0.17 0.25 
i 
4 0.25 0.25 0.34 
1 
0.20 0.07 0.03 0.5 0.05 0.17 
5 0.05 
i 
i 
I 
0.09 0.17 0.09 0.12 0.05 0.03 0.02 0.25 -
-148-
2 3 
SAMPLING SITE 
F i g . 5.1 U n i v a r i a t e s c a t t e r p l o t s f o r the sine of the 
slope angle at f i v e s i t e s (study area). 
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5.3 S o i l depth s u s c e p t i b l e t o movement 
The depth of s o i l i n the study area v a r i e d from p l o t 
t o p l o t . This v a r i a t i o n does not necessarily determine the 
zone i n which the creep process operates, because s o i l 
t e x t u r e , s o i l moisture content and vegetation cover may 
a f f e c t the s o i l depth s u s c e p t i b l e t o creep. Therefore i t 
was decided t o c a l c u l a t e the s o i l depth s u s c e p t i b l e t o 
movement using Anderson's tubes which give the p i v o t p o i n t 
about which the tube's p o s i t i o n changes (Chapter two, 
pp.40 -44). The s t r o n g c o r r e l a t i o n between s o i l depth 
measured or estimated ( f o r more than 50 cm depth) i n the 
f i e l d and s o i l depth s u s c e p t i b l e t o movement c a l c u l a t e d 
a c c u r a t e l y , can j u s t i f y the adoption o f second values 
( s u s c e p t i b l e depth) f o r data a n a l y s i s . The r e s u l t s o f 
t h i s c a l c u l a t i o n f o r a l l sampling p l o t s measured i n the 
study area are shown i n Table 5.2 and Figure 5.2. 
5.4 Laboratory programme 
I t was decided t o undertake a l a b o r a t o r y programme 
where i n i t i a l l y the s o i l sample of each sampling p l o t 
would be subjected t o a v a r i e t y of s o i l p roperty t e s t s . 
For t h i s purpose two samples of s o i l were taken, one from 
each sampling s t a t i o n and one from each p l o t . The samples 
were dug out f r e s h i n the f i e l d (one metre away from each 
c o n t r o l s t a t i o n ) and taken t o the l a b o r a t o r y i n an a i r -
sealed container or a p l a s t i c tube. The p l a s t i c tube sampl 
were used f o r those t e s t s f o r which the sample should nec-
e s s a r i l y be undisturbed. Depending on the s o i l thickness 
the depth o f sampling was v a r i e d between 0.25m and 0.4m. 
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Table 5.2 S o i l depth cm sus c e p t i b l e t o creep f o r sampling 
p l o t s measured i n the study area 
" \ P l o t No. 
Site N o > \ 1 2 3 4 5 6 7 8 9 10 11 
1 30 
50* 
31 
50* 
- - 36 
20* 
32 
45* 
30 
45* 
- 33 
40* 
34 
40* 
-
2 30 
50* 
24 
40* 
33 
50* 
- - - 25 
40* 
- - 30 
50* 
24 
40* 
3 31 
50* 
- 28 
40* 
- - 29 
40* 
25 
30* 
- - - -
4 28 
30* 
27 
30* 
25 
30* 
26 
30* 
25 
30* 
- 27 
35* 
27 
40* 
32 
40* 
33 
50* 
-
5 25 
30* 
- 26 
40* 
26 
40* 
30 
50* 
30 
50* 
31 
50* 
33 
50* 
32 
50* 
30 
50* 
-
Values marked with * represent depth of s o i l measured i n the f i e l d 
for each plot. 
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2 3 
SAMPLING SITE 
F i g . 5.2 U n i v a r i a t e s c a t t e r p l o t s f o r the s o i l 
depth s u s c e p t i b l e to movement at f i v e 
s i t e s (study a r e a ) . 
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To avoid confusion a r i s i n g i n the a n a l y s i s , a l l samples 
were taken on the same depth (between 0.05m to 0.15m) 
from the s u r f a c e when the s o i l was at or near maximum 
water content at a c e r t a i n depth (0.3m from the s u r f a c e ) . 
From t h i s a s e c t i o n (between 0.05 - 0.15m) was obtained 
fo r t e s t i n g s o i l p r o p e r t i e s f o r each p l o t . 
5.4.1 S o i l moisture content 
( i ) Scope. The moisture content of a s o i l i s a 
property which i s determined probably more f r e q u e n t l y 
than any other(Akroyd 1964). For each p l o t samples 
were taken when the s o i l was near maximum water content 
(wet sample) and minimum water content (dry sample). 
The t e s t was c a r r i e d out by drying the samples i n an 
oven. To overcome the d i f f i c u l t y of d e f i n i t i o n of 
moisture content i t i s u s u a l to express the moisture 
content as a percentage of the weight of the s o i l a f t e r 
i t has been d r i e d to constant weight at 105 to 110°C 
for 24 hours. A f t e r being d r i e d to constant weight 
at t h i s temperature any water s t i l l h eld i n the s o i l 
i s considered as p a r t of the s o i l s o l i d s . 
( i i ) Apparatus, A drying oven at a c o n t r o l l e d tem-
perature of 105 to 110 PC f o r 24 hours. 
( i i i ) Procedure, A c l e a n c o n t a i n e r was d r i e d when 
weighed f o r each sample. An amount of s o i l was then 
put i n each, c o n t a i n e r . The c o n t a i n e r s and contents 
were weighed, placed i n the oven and d r i e d to constant 
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weight, at a temperature of 105°C f o r a period of 24 
hours. A f t e r drying, the samples were removed from the 
oven and allowed to cool; then the samples were weighed 
together w i t h t h e i r c o n t a i n e r s . 
( i v ) C a l c u l a t i o n s . The moisture content of the s o i l 
(MC) as a percentage of dry weight i s given by 
M C = Loss of weight 1 0 Q c e n t dry weight * 
where Loss of weight = container and wet s o i l - c o n t a i n e r 
& dry s o i l 
and Dry weight = c o n t a i n e r and dry s o i l - c o n t a i n e r 
empty 
(v ) R e s u l t s . The r e s u l t s obtained from sampling p l o t s 
are shown i n Table 5.3 and F i g u r e 5.3. 
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Table 5.3 Moisture content %(wet) f o r sampling p l o t s 
i n study area 
! ^ P I o t No1 
Site N b > \ 
1 2 3 4 5 6 7 8 9 10 11 
1 48 107 - - 19 227 92 - 270 18 -
2 104 37 317 - - - 30 - - 40 24 
3 191 - 389 - - 309 31 - - - -
4 43 102 34 34 45 - 37 30 170 209 -
5 49 - 48 45 338 320 557 1150 617 151 -
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34- 2* 
4 
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2 3 
SAMPLING SITE 
•1 3K 
F i g . 5.3 U n i v a r i a t e s c a t t e r p l o t s f o r the moisture 
content (wet season) at f i v e s i t e s (study area) 
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5.4.2 S o i l moisture (dry season) 
T h i s measure was used because i t was r e a l i s e d t h a t 
tha changing s o i l moisture a f f e c t s c e r t a i n other s o i l 
p r o p e r t i e s e.g shear s t r e n g t h . The value of t h i s measurement 
i s shown i n Table 5.4 and Fi g u r e 5.4 
Table 5.4 S o i l moisture % ( d r y ) f o r 35 sampling p l o t s 
measured f o r t h i s study 
\ P l o t No. 
S i t e N b > ^ 1 2 3 4 5 6 7 8 9 10 11 
1 25.0 45.0 - - 18.0 L35.0 75.0 - 138.0 11.0 -
2 88.0 31.0 142.0 - - - 16.0 - - 22.0 17.0 
3 L69.0 - 212.0 - - 174.0 22.0 - - - -
4 34.0 66.0 28.0 30.0 37.6 - 32.0 23.0 95.0 182.0 -
5 42.0 - 39.0 36.0 127.0 110.0 277.0 816 285 120 -
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5.4.3 Organic matter content 
i . Scope 
The method adopted f o r t h i s t e s t was l o s s on i g n i t i o n , 
to give the percentage approximating to weight of organic 
matter. I t i s r e a l i s e d t h a t the organic matter content and 
the weight l o s s on i g n i t i o n are not q u i t e the same measure. 
i i . Apparatus 
(1) A drying oven at a c o n t r o l l e d temperature of 
60 9C and 105 eC. 
(2) A muffle furnace at a c o n t r o l l e d temperature of 
275°C. 
i i i . Procedure 
a) An a c c u r a t e l y weighed amount (about 10g) of s o i l 
(oven-dried at a temperature of 105°C f o r 24 hours to constant 
weight) was obtained and p l a c e d i n a weighed n i c k e l c r u c i b l e . 
b) The samples were put i n a muffle furnace at a 
temperature of 275°C f o r 16 hours. 
c ) A f t e r t h i s time the samples were removed from the 
furnace, allowed to cool and reweighed. Loss on i g n i t i o n 
i s i n d i c a t e d as a percentage of the weight of oven-dried s o i l . 
i v . C a l c u l a t i o n 
The percentage of o r g a n i c matter, which i s percentage 
of l o s s on i g n i t i o n , i s c a l c u l a t e d by: 
F - G 
% l o s s on i g n i t i o n = ^ ^ x 100 
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i n which 
weight of c r u c i b l e = E 
weight of c r u c i b l e + oven dry s o i l = F 
weight of c r u c i b l e + i g n i t e d s o i l = G 
weight of oven dry s o i l = F - E 
v. R e s u l t s 
The r e s u l t s of l o s s of i g n i t i o n f o r the sample s i t e s 
are shown i n Table 5. 5 and Fi g u r e 5.5. 
Table 5. 5 % l o s s , o f i g n i t i o n ( o r g a n i c matter) f o r 
sampling p l o t s i n study are a 
v P l o t 
No. 
Site Nd.\ 
1 2 3 4 5 6 7 8 9 10 11 
1 9.13 20.18 - - 2.26 50.41 34.31 - 60.01 3.36 
2 41.14 6.45 60.89 - - - 5.12 - - 9.45 3.27 
3 46.97 - 93.12 - • - 73.23 6.40 - - - -
4 7.66 20.13 7.36 40.79 7.44 - 7.22 7.65 39.81 14.31 -
5 10.97 - 12.07 11.05 88.15 67.90 93.44 96.50 91.15 64.49 -
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5.5 P a r t i c l e s i z e a n a l y s i s 
1. Scope 
There are s e v e r a l methods fo r the determination of 
p a r t i c l e s i z e d i s t r i b u t i o n i n a s o i l , i n c l u d i n g wet s i e v i n g , 
dry s i e v i n g , the p i p e t t e method and the hydrometer method. 
The p i p e t t e method i s the most accurate and has been 
recommended f o r engineering geology (Akroyd 1964), but the 
method adopted for t h i s study i s a m o d i f i c a t i o n by the S o i l 
Survey of Scotland of the technique devised by Bouyoucos i n 
1934, which i s simple and easy to use. 
i i . Apparatus 
(1) A milk b o t t l e 
(2 ) A shaker machine 
(3) A l i t r e measuring c y l i n d e r 
( 4 ) A Bouyoucos hydrometer 
(5) A rubber bung f i t t e d to the top end of c y l i n d e r 
(6) A stop watch 
(7) A thermometer 
i i i . Procedure 
a) All samples, each weighing 20-50 g, of l e s s than 2 mm 
(diam.) a i r d r i e d s o i l were obtained from the bulk samples 
and each was placed i n a milk b o t t l e . 400 ml of d i s t i l l e d 
water and 10 ml sodium hydroxide (NaOH) were added and the 
b o t t l e s were shaken end over end f o r 16 hours. Sodium hydroxide 
was added to a i d the d i s p e r s i o n of the s o i l p a r t i c l e s . 
b) The b o t t l e s were removed from the shaker and they 
were shaken v i g o r o u s l y before t r a n s f e r r i n g the contents to a 
l i t r e measuring c y l i n d e r . Using a l i t t l e d i s t i l l e d water, 
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a l l the mineral matter was washed from the b o t t l e . 
c ) The Bouyoucos hydrometers were i n s e r t e d i n t o the s u s -
pension which was made up to volume (1000 ml) with d i s t i l l e d 
water. 
d) The hydrometer was removed from each c y l i n d e r , and a 
rubber bung was placed i n the end of the c y l i n d e r . Then i t 
was shaken end over end f o r one minute. 
e) Each c y l i n d e r was placed on the bench, the bung was 
removed and the hydrometer was i n s e r t e d again. A f t e r 40 
seconds the f i r s t hydrometer reading was taken at the top 
of the meniscus. The second reading was taken 4 minutes 
48 seconds a f t e r sedimentation s t a r t e d . 
f ) The hydrometer was c a r e f u l l y removed and the temper-
ature of the suspension was taken. The samples were l e f t 
undisturbed f o r 2 hours and then the t h i r d reading was taken 
f o r each sample. 
i v . C a l c u l a t i o n s 
( a ) Before reading the hydrometer the f o l l o w i n g c o r r e c t i o n s 
were made f o r temperature, as recommended (Durham U n i v e r s i t y , 
Department of Geography). 
1. For each degree C above 19.5°C, 0.4 was 
added to the hydrometer reading. 
2. For each degree C below 19.5°C, 0.4 was 
su b t r a c t e d from the hydrometer reading, as 
recommended. 
(b) The i n t e r n a t i o n a l t e x t u r e method was adopted f o r t h i s 
t e s t as f o l l o w s : 
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% sand (2000 ym - 20 ym) 
100 - 2 n d c o r r e c t e d reading x 1 0 0 
50 - (0.5 x mc) 
% c l a y ( <2 ym) 
3rd c o r r e c t e d reading x Q^O 
50 - (0.5 x mc) 
% s i l t (20 ym - 2 ym) = 100 - ( % sand + % c l a y ) 
mc = moisture content 
v. R e s u l t s 
The r e s u l t s , and the a n a l y s i s of t h i s t e s t are 
shown i n Tables 5.6, 5.7, 5.8, 5.9 and F i g u r e s 5.6, 5.7- and 5.8. 
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Table 5.6 P a r t i c l e s i z e a n a l y s i s ( c l a y % ) f o r sampling 
p l o t s measured i n study area 
"^-J>lot No. 
Sit.fi N n ? \ 
1 2 3 4 5 6 7 8 9 10 11 
1 30.73 4.03 - - 25.73 0.55 3.04 - 9.76 14.75 -
2 8.24 27.88 0.60 - - - 27.44 - - 7.60 26.05 
3 1.60 - P - - P 10.47 - - - -
4 21.82 1.39 3.50 58.62 28.63 - 8.12 8.00 2.00 1.30 -
5 18.20 - 16.00 5.10 P P P P P P -
P = peat 
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Table 5. 7 P a r t i c l e s i z e a n a l y s i s (sand % ) f o r sampling 
p l o t s measured i n study area 
.Plot No. 
Site N o > \ 
1 2 3 4 5 6 7 8 9 
: 1 
10 11 
1 42.92 85.70 - - 65.32 86.70 84.50 - 75.84 67.86 -
2 62.43 57.29 95.60 - <- - 155.34 
i 
67.60'56.05 
I 
j 
3 93.80 - P - P 164.18 
* 
- -
i 
i 
4 62.69 88.85 80.75 7.36 54.36 77.26 81.20 89.20 89.59 
5 62.40 - 64.80 86.37 P P P P P P 
— 
P = peat 
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Table 5. 8 P a r t i c l e s i z e a n a l y s i s ( s i l t % ) f o r sampling 
p l o t s measured i n study area 
^^Ptot No. 
Site N o ^ \ 
! i 
1 : 2 3 4 5 6 
> - 1 1 — i -I ! 7 : 8 9 | 10 
i i 
! I 
11 
1 26.4 10.3 : - 9.0 12.8 ;12.4 - 14.3 17.3 
2 29.3 19.8 j 3.2 j - - 17.2 24.8 41.9 
3 4.6 - P -
• 
P 25.3 - _ i _ -
4 15.4 9.8 15.8 34.0 17.0 - 14.6 10.8 9.4 9.1 -
5 19.4 
i 
i 
19.2 83.8 P P P P P P 
— 
P = peat 
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5.6 D e f i n i t i o n of the Atterberg L i m i t s 
The c o n s i s t e n c y of a s o i l i s the ma n i f e s t a t i o n of the 
f o r c e s of cohesion and adhesion a c t i n g w i t h i n i t at v a r i o u s 
moisture contents ( P i t t y 1979). On drying, a s o i l may 
pass through s e v e r a l stages of c o n s i s t e n c y , which can be 
described as the l i q u i d , p l a s t i c , s e m i - s o l i d and s o l i d s t a g e s . 
Changes i n co n s i s t e n c y do not take p l a c e s h a r p l y at p r e c i s e 
moisture content l e v e l s , and t h e r e f o r e a r b i t r a r y moisture 
content l i m i t s proposed by Atterberg (1911) have been 
adopted. The lower l i m i t of p l a s t i c c o n s i s t e n c y i s known 
as the p l a s t i c l i m i t (PL) and the upper l i m i t as the l i q u i d 
l i m i t ( L L ) . P l a s t i c i t y i t s e l f i s measured by the p l a s t i c i t y 
index ( P L ) , which i s simply the d i f f e r e n c e between the l i q u i d 
and p l a s t i c l i m i t s . These l i m i t s are important i n determining 
the ground c o n d i t i o n s of s t a b i l i t y and firmness. 
5.6.1 L i q u i d l i m i t 
i . Scope 
The l i q u i d l i m i t ( L L ) i s the point at which a s o i l 
becomes s e m i f l u i d . I t i s the moisture content, expressed 
as a percentage of the dry weight, when the flow of a sample 
of s o i l i n a s p e c i a l b r a s s cup, a f t e r t w enty-five j a r r i n g 
blows of the cup dropped through 1.0 cm, j u s t c l o s e s a 
groove 11 - 0.25 mm p r e v i o u s l y made i n the s o i l . 
i i . Apparatus 
a) BS s i e v e No.36 (mesh 0.422mm). 
b) A g l a s s p l a t e about 1.0cm t h i c k and 50.0cm square. 
c ) Two p a l e t t e k n i v e s . 
P l a t e 5.1 ; L i q u i d L i m i t a p p a r a t u s 
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d) A l i q u i d l i m i t apparatus ( P l a t e 5.1). 
e) A standard grooving t o o l (Casagrande type) with 
gauge handle. 
f ) Moisture content t e s t apparatus. 
i i i . Procedure 
a) Each sample weighing about 120g was taken from the 
a i r d r i e d s o i l p a s s i n g the B.S. s i e v e No.36 and each sample 
was c a r e f u l l y mixed with r e q u i r e d d i s t i l l e d water on the f l a t 
g l a s s p l a t e . 
b) For each sample a r e q u i r e d q uantity of s o i l paste 
was put i n the b r a s s cup and l e v e l l e d o f f p a r a l l e l to the 
base; the maximum depth of s o i l i n the cup was 1cm. Using the 
grooving t o o l , the paste i n the cup was d i v i d e d along the 
cup diameter. T h i s l e a v e s a V-shaped gap, 2mm wide at the 
bottom, 10mm at the top, and about 8mra deep. The l i q u i d l i m i t 
apparatus i s checked to make sure the cup drops e x a c t l y 1cm 
when the handle i s turned. 
c ) By t u r n i n g the handle the cup was l i f t e d and dropped. 
T h i s was continued u n t i l the two p a r t s of the s o i l came i n t o 
contact at the bottom of the groove along a d i s t a n c e of about 
15mm. The number of blows at which t h i s occurred was recorded. 
I f the t o t a l of blows was over f i f t y or l e s s than 25, the 
experiments were repeated adding more water or s o i l . 
d) The experiment was performed twice more tak i n g a 
d i f f e r e n t sample from the paste without adding water or s o i l , 
and the average was c a l c u l a t e d from the three r e c o r d i n g s . 
e) A qu a n t i t y of s o i l from the p o r t i o n s of the paste 
t h a t j u s t flowed together was removed with a s p a t u l a and put 
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i n a c o n t a i n e r for determination of moisture content. T h i s 
process was repeated at l e a s t four times f o r each sample. 
i v . C a l c u l a t i o n 
The moisture content corresponding to each of the 
average number of blows was c a l c u l a t e d . For each sample 
the average number of blows was p l o t t e d on a l o g a r i t h m i c 
s c a l e a g a i n s t i t s corresponding moisture content. A s t r a i g h t 
l i n e was drawn through the r e s u l t i n g p o i n t s g i v i n g the flow-
curve, from which the l i q u i d l i m i t of the s o i l can be found. 
v. R e s u l t s 
The r e s u l t s obtained from p l o t s measured i n the 
study area are shown i n Table 5.10 and Figure 5.9. 
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Table 5. 10 L i q u i d l i m i t obtained from c a l c u l a t i o n for 
sampling p l o t s measured i n study area 
\ P t o t No. 
Site N o > \ 1 2 3 
4 5 6 7 8 9 10 11 
1 51.11 58.14 - 10.23 
* 
89.90 96.60 -
* 
54.87 30.50 -
2 
* 
70.00 47.40 39.18 - - - 84.80 - - 50.35 41.67 
3 
* 
33.50 - P - - P 37.40 - - - -
4 49.00 
* 
39.75 40.00 
* 
57.40 66.40 - 56.40 37.40 
* 
48.60 
* 
49.60 -
5 54.80 - 54.80 51.69 P P P P P P — 
= Peat 
ue plots values marked with * contain either high proportion of sand, 
sl ight ly humified organic matter or both. Such soi ls usually stand out 
since i t is d i f f icu l t to obtain a rel iable value for the liquid l imit . 
Therefore, these measurements are less re l iable . 
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5.6.2 P l a s t i c l i m i t 
i . Scope 
The p l a s t i c l i m i t (PL) of a s o i l i s the moisture con-
t e n t , expressed as a percentage of the dry weight when the 
s o i l , r o l l e d i n t o threads about 3mm i n diameter, j u s t crumbles 
(Akroyd 1964). 
i i . Apparatus 
The apparatus used f o r the t e s t was the same as f o r the 
l i q u i d l i m i t t e s t except t h a t t h e r e i s no need f o r the Casa-
grande apparatus and the grooving t o o l ( P l a t e 5.1). 
i i i . Procedure 
a) A sample of about 15g of s o i l s i e v e d through B.S. 
No.36 s i e v e was obtained f o r each t e s t . 
b) I t was thoroughly mixed on the g l a s s p l a t e with 
s u f f i c i e n t d i s t i l l e d water to make i t p l a s t i c enough to be 
shaped i n t o a b a l l . 
c ) The b a l l was then r o l l e d between the palm of the 
hand and the g l a s s p l a t e w ith j u s t enough pressure to form 
i t i n t o a thread. T h i s process was continued u n t i l the 
thread became about 3mm i n diameter. 
d) The p o r t i o n s of crumbled s o i l were c o l l e c t e d and 
placed i n a weighing c o n t a i n e r and the moisture content 
determined. T h i s t e s t was repeated f o r each sample. 
i v . C a l c u l a t i o n 
The average of the moisture content was taken i n the 
same way as f o r the l i q u i d l i m i t t e s t , 
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Table 5.11 P l a s t i c l i m i t obtained from c a l c u l a t i o n f o r 
sampling p l o t s measured i n study area 
"\Plot No. 
Site No>\ 
, _, 
1 2 3 4 5 6 7 8 9 10 11 
1 34.68 46.77 - - 30.39 
-* 
87.26 92.10 
* 
45.37 23.93 
i 
] 
i 
2 
* 
64.10 35.27 93.28 - - - 32.97 — 39.75 29.47 : 
3 
* 
32.60 - P - - P 28.31 - -
s 
; 
s 
4 39.56 
* 
20.53 31.81 
* 
51.56 41.86 - 48.08 33.33 
* 
43.39 
# 
46.07 
i 
i 
5 16.58 - 48.53 49.19 P P P P P P p 
P = Peat 
% The plast ic l imit cannot be determined 
s o i l . For other samples having a high 
l imit was measured but the results are 
of two or three determinations. 
for poorly to mid humified organic 
degree of humification, the plastic 
not satisfactory despite the averaging 
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i - e - M C = Dry°^ll x 1 0 0 % 
or MC = weight of moisture 1 Q % weight of dry s o i l 
v. R e s u l t s 
The r e s u l t s from sampling p l o t s measured i n the 
study are a are shown i n Table 5.11 and Fig u r e 5.10. 
5.6.3 P l a s t i c i t y Index 
1. Scope 
P l a s t i c i t y index i s a range i n moisture content 
over which the s o i l i s p l a s t i c . 
i i . Procedure 
The L i q u i d L i m i t ( L L ) and P l a s t i c L i m i t (PL) 
determined i n the L i q u i d L i m i t and P l a s t i c L i m i t t e s t s 
have been used. 
i i i . C a l c u l a t i o n 
The P l a s t i c i t y Index f o r each sample was c a l c u l a t e d 
from the formula : 
P l a s t i c i t y Index = L i q u i d L i m i t - P l a s t i c L i m i t 
f o r each sample 
i v . R e s u l t s 
The r e s u l t s taken from sampling p l o t s measured i n 
study area are shown i n Table 5.12 and Fig u r e 5.11. 
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Table 5.12 P l a s t i c i t y index obtained from c a l c u l a t i o n for 
sampling p l o t s measured i n study area 
Plot No, 
Site Nb. 1 2 3 4 
l 
5 j 6 
1 
7 | 8 
1 
9 
r 1 
10 
16.43 11.37 - -
• #• 
9.84 2.64 4.50 -
# 
9.50 6.57 
i 
2 
* 
5.90 12.13 
* 
5.90 - -
1 ! 1 j 
- 151.831 -
j j 
- jl0.60 12.20 
3 0.90 - P 
! 
j l j 
| 
i 
P \ 9.09; -
; ; 
i 1 
i 
j 
4 9.44 19.22 8.19 
* 
5.84 24.54 -
• 
8.32 ; 4.07 
j 
5.21 
# 
3.53 -
5 38.22 - 6.27 2.50 .P p P P P P -
Peat 
Values marked with * are unreliable results for these plots. Such soi ls 
are regarded as non plast ic . 
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F i g . 5.11 U n i v a r i a t e s c a t t e r p l o t s f o r the p l a s t i c i 
index at f i v e s i t e s (study a r e a ) . 
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5 X Bulk density 
i . Scope 
Since the processes of creep mainly r e s u l t from 
expansion and c o n t r a c t i o n caused by changing moisture, i t 
was decided to determine the bulk volume, from which the 
bulk de n s i t y and dry de n s i t y could be c a l c u l a t e d . For t h i s 
the Ruska U n i v e r s a l Porometer has been used, P l a t e 5.2. 
The den s i t y of s o i l s v a r i e s c o n siderably and i s i n f l u e n c e d 
by s e v e r a l f a c t o r s : the min e r a l content, the p a r t i c l e 
shape and void r a t i o . S o i l density can a f f e c t the r a t e of 
s o i l movement and s o i l s t a b i l i t y . 
i i . Apparatus^ ^ 
The porometer c o n s i s t s of a 100 cm 3 volumetric 
mercury pump, to which apyoaiometer i s attached. The pump 
has a p r e c i s i o n ground and honed, handchrome p l a t e d , 
s t a i n l e s s s t e e l plunger and an a l l o y s t e e l measuring screw. 
The chamber of the s t a i n l e s s s t e e l pycnometer has 
a volume of approximately 50 cm3 and admits cores up to 
1~" (32 mm) long and l£" (38 mm) i n diameter. 
The pyc nometer l i d has a r a p i d a c t i n g breach-lock 
c l o s u r e with an "0" r i n g s e a l . A needle value i n the l i d 
opens the chamber to the atmosphere. The movement of the 
pump metering plunger i s i n d i c a t e d on two s c a l e s . The r i g h t 
and l e f t hand s c a l e s provide, r e s p e c t i v e l y , decreasing and 
i n c r e a s i n g readings with the forward s t r o k e of the plunger. 
Both s c a l e s are graduated to read the plunger displacement i n 
cubic centimetres. The handwheel d i a l i s graduated i n 
( 1 ) Ruska Porometer, Model No. 1051-801 s e r i a l No. 24495 
Ruska Instrument Corporation, Houston, Texas. 
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0.01 cm 3 s u b d i v i s i o n s and permits e s t i m a t i o n of plunger 
displacement to 0.001 cm 3. 
The r i g h t hand s c a l e i s used to provide bulk-volume 
readings. The r i g h t hand and l e f t hand s c a l e s are r e s p e c t i v e l y 
r e f e r r e d to as the volume s c a l e and pore space s c a l e 
( P l a t e 5.2). The numbers on the volume s c a l e s l a n t r i g h t 
and those on the pore space s c a l e s l a n t l e f t , f a c i l i t a t i n g 
s e l e c t i o n of the corresponding numbers on the hand wheel 
d i a l . Those s l a n t i n g r i g h t supplement volume s c a l e readings 
and those s l a n t i n g l e f t supplement pore-space s c a l e readings. 
i i i . Procedure 
There are s e v e r a l methods of determining the Bulk 
Density. I n t h i s study the Bulk Density of samples was det-
ermined using the Ruska U n i v e r s a l porometer f o r which the 
mass of wet samples and t h e i r volumes were a c c u r a t e l y determined. 
( a ) An appropriate c l e a n t r a y was d r i e d and weighed f o r 
each sample. 
(b) An appropriate amount of s o i l (about 50g) from a s o l i d 
block sample was s e l e c t e d f o r each sampling p l o t t e s t , 
and trimmed i n t o a more or l e s s r e g u l a r shape. 
( c ) The sample was p l a c e d i n the t r a y and a c c u r a t e l y weighed. 
(d) The sample was removed from the t r a y and put i n t o the 
pyconometer f o r determining the volume. 
( e ) A f t e r determination of volume, the specimen was oven 
d r i e d at the temperature of 105 °C f o r a p e r i o d of 
24 hours u n t i l the samples were of constant weight, a f t e r 
which the f i n a l volume and weight of each sample was 
measured. 
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P l a t e 5.2 : Ruska U n i v e r s a l Porometer. 
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i v . C a l c u l a t i o n 
The Bulk Density of s o i l f o r each sampling p l o t was 
c a l c u l a t e d u s i n g the formula: 
where Pd = Bulk Density of s o i l 
ms = mass of sample 
and Vt = Volume of sample 
v. R e s u l t s 
The r e s u l t s of Bulk Density of s o i l f o r samples from 
each of the 3 5 sampling p l o t s i n the study area can be 
seen i n Table 5.13 and Figure 5,12. 
5. 8 Dry bulk d e n s i t y 
Because of changing s o i l moisture through the time, 
i t was a l s o decided to c a l c u l a t e dry bulk density which i s 
constant. The formula used f o r t h i s c a l c u l a t i o n was: 
Pd « ms Vt 
Bulk Density Pd m/c 
TOO m/c 
The r e s u l t s are shown i n 
Table 5.14 and Fig u r e 5.13. 
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Table 5.13 Bulk density M'g/m obtained from c a l c u l a t i o n f o r 
sampling p l o t s measured i n study area 
^ ^ ^ l o t No, 
Site NoX^ 1 2 3 4 5 
1 
:• j 6 i 7 8 9 10 11 
1 1.68 1.38 - - 2.05 1.25 1.17 
j 
- 1.35 2.11 _ 
2 1.04 1.84 1.18 - - - ! 1.93 
i 
; 
-
- - 1.68 2.03 
3 1.27 1.20 - - -
I 
1.09 ; 1.86 
I 
-
4 1.64 1.47 1.80 1.03 1.73 1.67 1.80 1.36 1.30 -
5 1.53 - 1.27 1.59 1.03 1.20 1.10 0.99 1.00 0.98 -
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F i g . 5.12 U n i v a r i a t e s c a t t e r p l o t s f o r the bulk 
de n s i t y a t f i v e s i t e s Cstudy a r e a ) . 
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Table 5. 14 Dry bulk density M'jf/m3 obtained from c a l c u l a t i o n 
f o r sampling p l o t s measured i n study area 
^^NPtot No. 
Site N o ? " \ 
1 2 3 4 5 6 7 
! 
8 i 9 
j 
| 
10 11 
1 1.34 0.96 - - 1.70 0.77 0.71 0.77 
1 i 
1.79 -
2 0.60 1.45 0.63 - - - 1.56 L.27 
i 
! 
j 
I 
1.68 
1 
3 0.74 - 0.71 - 0.51 
• 
1.5 - - -
i 
4 1.24 1.01 1.38 0.56 1.45 1.27 1.41 0.85 0.69 -
5 1.16 - 0.90 1.25 0.47 0.60 0.44 0.40 0.43 0.33 -
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F i g . 5.13 U n i v a r i a t e s c a t t e r p l o t s f o r the dry bulk 
d e n s i t y at f i v e s i t e s (study area) 
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5.9 S p e c i f i c g r a v i t y 
i . Scope 
T h i s was measured using the d e n s i t y b o t t l e method f o r 
only f i v e s o i l samples obtained from the f i v e main sampling 
s t a t i o n s . T h i s l i m i t a t i o n was imposed because a general 
impression of s p e c i f i c g r a v i t y v a r i a t i o n was r e q u i r e d . I t 
was considered a l e s s important v a r i a b l e than bulk d e n s i t y . 
i i . Apparatus 
(a ) Two d e n s i t y b o t t l e s (Pyc-nometers) of approximately 
50 ml c a p a c i t y . 
(b) A water bath maintained a t a c o n t r o l l e d temperature 
of 25°C. 
( c ) A vacuum d e s i c c a t o r . 
(d) A drying oven at a c o n t r o l l e d temperature of 105°C. 
( e ) A vacuum pump P l a t e 5. . 
i i i . Procedure 
( a ) The d e n s i t y b o t t l e s were completely d r i e d and 
weighed to 0.001 g. 
(b) Approximately 10 g of oven d r i e d s o i l p a s s i n g s i e v e 
No. 36 B.S. and cooled i n a d e s i c c a t o r were put i n t o 
each d e n s i t y b o t t l e . 
( c ) The b o t t l e s were weighed with contents to the n e a r e s t 
0.001 g and then s u f f i c i e n t a i r - f r e e d i s t i l l e d water 
was added, so that the s o i l i n the b o t t l e was covered. 
( I n the case of peat samples a l c o h o l * was used i n s t e a d 
* The sp. gra. of a l c o h o l at 25°C i s 0.78522. 
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of water, because a pa r t of the specimen was f l o a t i n g 
when water was used). 
(d) The b o t t l e with stopper removed was placed i n a vacuum 
d e s i c c a t o r , and a vacuum gr a d u a l l y a p p l i e d u n t i l there 
was no more a i r to be r e l e a s e d from the s o i l . T h i s took 
approximately 20 hours. 
( e ) The b o t t l e s were then removed from the d e s i c c a t o r and 
f i l l e d up with a i r - f r e e d i s t i l l e d water. The stoppers 
were i n s e r t e d , and the b o t t l e s were immersed i n the 
constant temperature bath u n t i l i t had maintained a 
temperature of 25°C f o r an hour, and then the b o t t l e s 
were taken out of the bath and weighed to 0.001 g. 
( f ) The b o t t l e s were cleaned out and completely f i l l e d 
with a i r - f r e e d i s t i l l e d water, the stoppers were 
i n s e r t e d and the b o t t l e s were immersed i n the constant 
temperature bath u n t i l they a t t a i n e d the constant 
temperature of the bath. 
(g) The b o t t l e s were taken out of the bath, wiped dry 
and weighed to 0.001 g. 
i v . C a l c u l a t i o n 
The s p e c i f i c g r a v i t y of the s o i l p a r t i c l e s was c a l -
c u l a t e d from : 
SG = weight of dry s o i l p f 
weight of l i q u i d d i s p l a c e d «•«• J-J-^"x" 
where : weight of l i q u i d i n f u l l b o t t l e 
= SP.Gr of l i q u i d x b o t t l e volume. 
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B o t t l e volume can be determined from the formula: 
- weight of water i n f u l l b o t t l e 
B o t t l e volume = — 0 w „ 3 - — - r 
SP.Gr. of water* 
* SP.Gr of water i s 0.99704 at 25 C. 
v. R e s u l t s 
The r e s u l t s f o r s p e c i f i c g r a v i t y of the s o i l i n f i v e 
sampling s t a t i o n s are shown i n Table 5.15 and F i g u r e 5.14, 
Table 5. 15 S p e c i f i c g r a v i t y of s o i l p a r t i c l e s f o r 
f i v e sampling s i t e s i n study area 
Sampling S p e c i f i c 
S t a t i o n Mo. L o c a t i o n G r a v i t y 
1 K i l l h o p e Cross 2.36 
2 K i l l h o p e Cross 2.20 
3 North Cleugh bridge 1.01 
4 K i l l h o p e Low S i k e 2.47 
5 Lanehead School 2.50 
Table 5.15a 
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Form K.5 
SPECIFIC GRAVITY OF SOIL PARTICLES 
Loc. . HJJU°Pft .Qr o s j ^ . . 
SAMPLE No A 
Date}.0.-.2.-.?? 
BATH TEMP...2.5...°C 
SIEVE . . P.'.S.. . 
DISPLACING LIQUID:- WATER 
_ Wt of Dry Soil SPECIFIC GRAVITY OF SOIL = " Z- \ * -YA -> , x Sp. Gr. of Liquid 
Wt of Liquid displaced * ^ 
BOTTLE No. 
Wt. of j ! B o t t l e 
b o t t l e volume 
Wt. of BOTTLE + DRY SOIL 44.993 ! ! i 
! i Wt. of BOTTLE EMPTY 32.955 ! ! i 
! 1 therefore Wt. of DRY SOIL 12.038 1 | 
Wt. of BOTTLE + SOIL + LIQUID 142.541 
therefore Wt.of LIQUID 97.548 i 
Wt. of LIQUID IN FULL BOTTLE* 102.618 135.573 102.618 102.260 
therefore Wt of LIQUID DISPLACED 5.070 
Sp. Gr. of SOIL 2.367 
•CALCULATE THIS FROM: Wt. of liquid in f u l l Bottle = Sp. Gr. of Liquid x Bottle 
Volume. 
N.B. - THIS VARIES WITH THE SP. GR. OF LIQUID USED. 
S.G. of water i s 0.9970^ at 25°C 
BATH TEMP UC 
N.B. Water must be d i s t i l l e d and a i r free 
BOTTLE No. 
Wt. of BOTTLE EMPTY 
Wt. of BOTTLE + WATER 
therefore Wt. of WATER 
BOTTLE VOLUME = w t» o* Water in F u l l Bottle 
Sp. Gr. of Water 
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F i g . 5;14 ; S p e c i f i c g r a v i t y f o r f i v e sampling s t a t i o n s 
study area. 
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5.10 P o r o s i t y and void r a t i o 
5.10.1 P o r o s i t y 
i . Scope 
The way s o i l behaves depends not only on the type and 
s i z e of i n d i v i d u a l p a r t i c l e s , but a l s o on how they are 
arranged and bonded together. T h i s i s a l s o an important 
aspect of s o i l f o r any a n a l y s i s of the s o i l creep process. 
I n the p o r o s i t y index the volume of pore space i s expressed 
as a f r a c t i o n of the s o i l volume. 
i i . Apparatus 
For t h i s the apparatus a p p l i e d i n the Shrinkage L i m i t 
t e s t or s p e c i f i c gravity t e s t can be used. 
i i i . Procedure and c a l c u l a t i o n 
S e v e r a l methods are a v a i l a b l e f o r determining p o r o s i t y , 
and two d i f f e r e n t formulae were used f o r t h i s : 
(V, + V ) . 1 g y _ l o s s 
( a ) P o r o s i t y e = y ~ v o l u m ~ C 1 ) 
i n which V-^ , V g and V t represent r e s p e c t i v e l y the volumes of 
l i q u i d , of gas, and the t o t a l or bulk volume. 
(b) P o r o s i t y n = 1 - (Wd/G V) (2) 
yw 
i n which = dry weight of sample 
G = s p e c i f i c g r a v i t y 
V = volume of sample 
and yw - u n i t weight of water 
(1 ) M a r s h a l l , T.J. and Holmes, J.W. 1979. S o i l P h y s i c s , 
Cambridge U n i v e r s i t y P r e s s , p.9. 
(2) McGreal, W.S. 1981 i n Geomorphological Techniques, p.94. 
The r e s u l t s obtained from both formulae were very s i m i l a r . 
I n the second formula, the f i n a l dry weight and 
volume of the sample were r e s p e c t i v e l y used f o r and 
V^. S p e c i f i c g r a v i t y , w a s determined f o r a l l samples 
i n the s p e c i f i c gravity t e s t . 
i v . R e s u l t s 
The r e s u l t s obtained f o r a l l sampling p l o t s measured 
i n the study a r e a are shown i n Table 5.16 and F i g u r e 5.15. 
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Table 5. 16 S o i l p o r o s i t y obtained from c a l c u l a t i o n f o r 
a l l sampling p l o t s measured i n study area 
r 
Plot No, 
Site No/ ^ 
1 2 3 4 5 6 7 8 
( 
9 
I 
10 11 
1 0.34 0.42 - - 0.35 0.47 0.45 0.58 0.32 
i i 
i 
j 
2 0.44 0.39 0.55 - - - 0.37 -
! i j 
i : 
0.44; 0.35 j 
3 0.53 - 0.50 - - 0.57 0.36 -
. 1 i ! ! i i ' 
i : 
i i 
4 0.40 0.45 0.42 0.46 0.27 - 0.40 0.39 0.50 0.60 
i 
5 0.36 - 0.36 0.33 0.56 0.60 0.65 0.58 0.57 
i 
i 
0.61 -
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F i g . 5.15 U n i v a r i a t e s c a t t e r p l o t s f o r p o r o s i t y 
at f i v e s i t e s (study a r e a ) . 
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5.10.2 Void r a t i o 
i . Scope 
Void r a t i o i s the r a t i o of i n t e r g r a n u l a r voids to 
volume of s o l i d m a t e r i a l i n a sediment or sedimentary rock. 
L i k e p o r o s i t y i t i s important i n the behaviour of s o i l 
p a r t i c l e s . Given i t s r e l a t i o n s h i p to s o i l moisture p r o p e r t i e s 
and p e r m e a b i l i t y i t may be considered as an important 
c o n t r o l l i n g v a r i a b l e i n the r a t e of the s o i l creep process. 
i i . Procedure and c a l c u l a t i o n 
The method adopted f o r t h i s study was as f o l l o w s : 
The r e l a t i o n s h i p between p o r o s i t y ( e ) and void r a t i o ( e ) 
from the equation c = (V, + V )/V + becomes, by d i v i d i n g the 
x g x 
numerator and denominator by volume of s o l i d (V„); 
c 
or e . 
(1 - e) 
i v . R e s u l t s 
The r e s u l t s of the void r a t i o c a l c u l a t i o n s f o r a l l 
sampling p l o t s are t a b u l a t e d i n Table 5. 17 and can be 
seen i n Figure 5.16. 
( 1 ) Marshall, T . J . and Holmes, J.W. 1979, S o i l P h y s i c s , p.9. 
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Table 5.17 Void r a t i o obtained from c a l c u l a t i o n for a l l 
sampling p l o t s measured i n study area 
' ^ g P l o t No. 
Site N o T \ ^ 1 2 3 4 5 6 
! 
7 8 9 10 11 
1 
• 
0.51 0.72 - - 0.53 0.88 0.81 - 1.38 0.47 -
2 0.78 0.63 1.22 - - - 0.58 - - 0.66 0.53 
3 1.12 - 1.00 - - 1.32 0.56 - - - -
4 0.66 0.81 0.72 0.85 0.36 - 0.66 0.63 1.00 1.50 -
5 0.56 - 0.56 0.49 1.27 1.50 1.85 1.38 1.32 1.56 -
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F i g . 5.16 U n i v a r i a t e s c a t t e r p l o t s f o r the void r a t i o 
at f i v e s i t e s (study a r e a ) . 
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5.11 Shear strength 
1. Scope 
In the measurement of the shear s t r e n g t h many problems 
a r i s e i n attempting to produce accurate r e s u l t s . Accurate 
s o i l mechanics techniques are a v a i l a b l e and commonly used on 
r e s t r i c t e d s i t e s . However f o r a l a r g e s i t e l i k e a drainage 
b a s i n which i s of geomorphological concern, a portable 
instrument capable of measuring s e v e r a l p l o t s r a p i d l y can 
be very u s e f u l . 
The accuracy of such instruments cannot be compared 
with the standard laboratory shear box or s i m i l a r equipment. 
Yet the advantages of portable and f l e x i b l e equipment l i k e 
the Vane Borer i n a l l o w i n g measurements to be c a r r i e d out 
i n the f i e l d compensates f o r i t s l e s s e r accuracy. Bearing 
i n mind that geomorphologists are u s u a l l y d e a l i n g with s o i l s 
i n s i t u i n a l a r g e area, f u l l coverage i s more important 
than high accuracy. 
2. Determination of shear s t r e n g t h i n the f i e l d 
u s i n g i n s p e c t i o n Vane Borer 
i . General 
T h i s method covers the measurement of the shear s t r e n g t h 
of s o i l s i n the f i e l d u s ing a vane of c r u c i f o r m s e c t i o n , which 
i s s u b j e c t e d to a torque of s u f f i c i e n t magnitude to shear 
the s o i l . 
i i . Apparatus 
The measuring p a r t of the instrument as described i n 
Geonor A/S (1966) i s as f o l l o w s : ( F i g . 5 . 1 7 ) . 
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A s p i r a l s p r i n g ( 2 ) , (max torque t r a n s m i t t e d 30 kg cm). 
When the handle (1) i s turned, the s p r i n g deforms and the 
upper p a r t ( 3 ) and the lower p a r t ( 5 ) of the instrument r e c e i v e 
a mutual angular displacement. The s i z e of t h i s displacement 
depends on the torque which i s necessary to turn the vane ( 7 ) . 
By means of a graduated s c a l e ( 4 ) the shear s t r e n g t h of the 
s o i l i s obtained. 
The lower and upper h a l v e s of the instrument are 
connected by means of a screw thread. The s c a l e ( 4) i s a l s o 
s u p p l i e d with threads and fol l o w s the upper p a r t of the 
instrument by means of two l u g s . The zero point i s i n d i c a t e d 
by a l i n e on the upper p a r t ( 3 ) . When torque i s applied, the 
s c a l e - r i n g f ollows the upper pa r t of t h i s instrument, and 
when f a i l u r e i n the s o i l i s obtained, the s c a l e r i n g ( 4) w i l l 
remain i n i t s p o s i t i o n due to the f r i c t i o n i n the threads. 
Three s i z e s of four-bladed vane ( 7 ) are used: 
16 x 32 mm ( e x t r a ) - m u l t i p l y readings by 2, 20 x 40 mm 
(standard) - d i r e c t readings, and 1" x 2" ( e x t r a ) m u l t i p l y 
readings by 0.5. T h i s makes i t p o s s i b l e to measure shear 
s t r e n g t h of 0 to 20, 0 to 10 and 0 to 5 t/m 2 r e s p e c t i v e l y . 
The "area r a t i o s " of the vanes are 14%, 16.5% and 24% 
r e s p e c t i v e l y ( r a t i o of c r o s s s e c t i o n a l a r e a of the vane to the 
ar e a to be sh e a r e d ) . The s i z e which was used f o r t h i s 
i n v e s t i g a t i o n was the s m a l l e s t one (16 x 32 mm). 
The vane blades are s o l d e r e d to a vane s h a f t ( 6 ) which 
can be extended by one or more 0.5 m long rods. The connection 
between the s h a f t rods and the instrument i s made by threads. 
To make the connections as s t r a i g h t as p o s s i b l e , the rods 
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F i g . 5.17 I n s p e c t i o n vane borer 
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have to be screwed t i g h t together and the threads cleaned. 
3- Measurement procedure 
For measuring s o i l shear s t r e n g t h u s i n g the shear vane 
( i n s p e c t i o n vane borer) the fol l o w i n g procedure i s used: 
i . Connect r e q u i r e d vane ( 7 ) and extension rods to the 
i n s p e c t i o n vane instrument. 
i i . Push the vane i n t o the ground t o the r e q u i r e d p o s i t i o n 
(The i n s p e c t i o n vane should not be t w i s t e d during 
p e n e t r a t i o n ) . 
i i i . Make sure that the graduated s c a l e ( 4 ) i s s e t to the 
zero-reading. 
i v . Turn the handle (1) clockwise as slowly as p o s s i b l e at 
constant speed. 
v. When the lower p a r t ( 5 ) fol l o w s the upper pa r t (3) 
around, or even f a l l s back, f a i l u r e and maximum shear 
s t r e n g t h i s obtained i n the s o i l a t the vane. 
v i . Holding handle f i r m l y , allow i t to r e t u r n to zero 
p o s i t i o n . The handle should not be allowed to s p r i n g 
back. 
v i i . Note the reading on the graduated s c a l e . The p o s i t i o n 
of the graduated r i n g should not be touched or di s t u r b e d 
u n t i l the reading i s taken. 
v i i i . Write down the reading together with p l o t number and depth. 
i x . Turn the graduated s c a l e a n t i - c l o c k w i s e back to zero 
p o s i t i o n . 
x . To determine the remoulded shear s t r e n g t h , the fol l o w i n g 
procedure i s used: 
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Turn the vane q u i c k l y at l e a s t 25 r e v o l u t i o n s . Zero 
the s c a l e and take at l e a s t two measurements by turning 
the instrument as slowly as p o s s i b l e . The minimum value 
i s considered the c o r r e c t one. 
x i . Push the vane down to next p o s i t i o n . 
x i i . Repeat the above measurement procedure ( 3 - 1 0 ) . 
The instrument i s very simply designed, easy to 
use and allows m u l t i p l e readings to be taken q u i c k l y . 
4 C a l c u l a t i o n 
The vane shear s t r e n g t h of the s o i l , S i n KN/m2, i s 
c a l c u l a t e d from the f o l l o w i n g equation: ( B . S . 1 3 7 7 : 1 9 7 5 ) 
m 
K 
where 
M i s the torque to shear the s o i l (Nm); 
K i s the constant depending on dimension of the 
vane. Assuming the d i s t r i b u t i o n of the shear 
strength i s uniform around the vane then: 
K = T T ^ H ( 1 + _ D ) X 1 0 - 6 
D i s the measured width of the c r o s s vane (mm); 
H i s the measured height of the c r o s s vane (mm). 
As the r a t i o of length to width of the vane i s 2 to 1 the 
value of K may be s i m p l i f i e d i n terms of the diameter so 
th a t i t becomes: 
K = 3.66D 3 x 1 0 " 6 
The r e s u l t reported f o r each p l o t i s an average of 10 readings 
at depths of 50 to 150 mm from the s o i l s u r f a c e . The r e s u l t s _ o f 
the readings f o r 35 p l o t s i n the study area are shown i n 
Table 5.18 and Figur e 5.18. 
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Tablo 5.18 Shear strength K N/m2 f o r a l l sampling p l o t s 
measured i n the study area 
P l o t No. 
Site No>v^ 1 2 3 4 5 6 7 8 9 10 
I 
11 
1 60.99 37.07 - - 32.16 17.06 19.42 19.81 
1 • 
39.03 -
2 25.89 51.58 11.37 - - 68.45 26.28 58.64 
3 31.18 - 12.16 - 10.08 21.96 
i j 
i 
i 
- -
4 24.12 26.28 39.03 13.73 72.57 57.86 37.46 55.90 0.59 -
5 36.48 - 21.37 20.87 23.73 7.64 11.96 9.41 16.47 23.34 -
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H 
]( 
2 3 
SAMPLING SITE 
Fig.5.18 U n i v a r i a t e s c a t t e r p l o t s f o r the shear 
s t r e n g t h at f i v e s i t e s (study a r e a ) . 
Table 5.19 
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V a r l a b l e s measured f o r t h i s study 
V a r i a b l e No.of Mean Std.Dev. Skew 
P l o t 
1 S i n e a f s l o p e 35 0.15 0.11 1.07 
2 S o i l depth 35 29 3.23 0.06 
3 Wet s o i l 35 178 229 2.54 
moisture 
4 Organic 35 34 32 0.70 
matter 
5 Clay 27 13.7 13.6 1.44 
6 Sand 27 70.6 19.0 -1.29 
7 Bulk 35 1.44 0.35 0.32 
d e n s i t y 
8 P o r o s i t y 35 0.46 0.10 0.22 
9 Void 35 0.90 0.39 0.71 
r a t i o 
10 L i q u i d 27 55.24 18.50 1.09 
l i m i t 
11 P l a s t i c 27 44.0 20.0 1.33 
l i m i t 
12 P l a s t i c i t y 27 9.9 7.7 2.18 
index 
13 Shear 35 29.8 18.6 0.76 
st r e n g t h 
14 Dry d e n s i t y 35 0.99 0.43 
15 Dry moisture 35 106.00 142 
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5.12 C l i m a t i c f a c t o r s 
C l i m a t i c f a c t o r s are considered to be very important, 
as has already been mentioned (p. 82 ) . There i s no permanent 
Meteorological s t a t i o n i n the study area, but Moor House 
Meteorological s t a t i o n , about 10 km from the study area, 
provides accurate meteorological records f o r the period 
of t h i s study. From these, only mean monthly maximum 
temperature, mean monthly minimum temperature, median monthly 
temperature ( i . e . (max + min)/2), mean monthly e a r t h tem-
perature at 0.3 m depth at 9 a.m., monthly r a i n f a l l , days of 
snow l y i n g and of ground f r o s t were assumed to be of 
importance f o r t h i s purpose (Table 5.20 ) . Because of the 
smal l s c a l e of the study area and the sh o r t d i s t a n c e between 
the s i t e s , the data were taken to apply to the whole 
experimental area at K i l l h o p e b a s i n . Therefore readings 
were not taken f o r i n d i v i d u a l p l o t s or s i t e s . I t must a l s o 
be remembered i n t h i s context t h a t the a l t i t u d i n a l range 
of the s i t e s i s about 180 m which may cause major 
c l i m a t i c changes between the s i t e s . Therefore the a l t i t u d e 
of the main s t a t i o n s was measured u s i n g Thommens A l t i m e t e r . 
(Table 4.6 ) . 
5.13 S o i l temperature 
The occurrence of creep due to changing s o i l tem-
perature and f r o s t a c t i o n i n a temperate c l i m a t e has been 
reported by s e v e r a l workers. 
Systematic observations on the depths to which the 
ground was frozen have been made i n the Upper Derwent b a s i n 
by Young (1958). These depths v a r i e d l i t t l e with height, 
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but were r e l a t e d mainly to vegetation as f o l l o w s : 
Bare ground 100 - 200 mm 
Short heather 25 - 76 mm 
Long heather 25 - 50 mm 
Short grass 38 mm 
Long grass 0 - 50 mm 
According to the Moor House Meteorological records 
the depth of frozen s o i l has never reached 0.3 m below the s o i l 
s u r f a c e , i . e . frozen depth ranged from 0 to 0.3 m. (maximum 
depth of p l o t measured by the Rashidian Technique was 
275 mm). 
5.14 Conclusion 
The f o l l o w i n g p o i n t s emerged: 
1. S o i l t e s t s were c a r r i e d out only f o r the 35 undisturbed 
p l o t s i n the study a r e a . 
2. S o i l t e x t u r e ( p a r t i c l e s i z e a n a l y s i s ) , L i q u i d L i m i t , P l a s t i c 
L i m i t and P l a s t i c i t y Index have not been c a l c u l a t e d f o r 
8 p l o t s which c o n s i s t of more than 61% organic matter ( p e a t ) . 
3. Organic s o i l s were s i g n i f i c a n t l y wetter than mineral s o i l s . 
4. There were s u b s t a n t i a l d i f f e r e n c e s between s o i l moisture 
content obtained i n wet and dry seasons. Most s i g n i f i c a n t 
d i f f e r e n c e s were observed f o r more organic s o i l s . 
5. Mineral s o i l s were denser than organic s o i l s . 
6. P o r o s i t y and vo i d r a t i o , which a f f e c t s o i l p e r m a b i l i t y , 
were higher i n organic s o i l s than i n mineral s o i l s . 
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7. I n i n o r g a n i c s o i l s , high shear s t r e n g t h s were found 
fo r s o i l samples with higher proportions of c l a y . 
8. F i n a l l y , due to the v a r i a t i o n i n s o i l p r o p e r t i e s 
such as s o i l t e x t u r e , permeability, moisture content 
e t c . , the vegetation cover d i f f e r s between sampling 
s i t e s and p l o t s . 
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CHAPTER SIX 
RATES OF SOIL CREEP IN THE STUDY AREA 
6.1 I n t r o d u c t i o n 
Measurements of the r a t e of s o i l creep were made i n 
the K i l l h o p e b a s i n (study area) f o r a p e r i o d of one year and 
s i x months from 5 November 1980 u n t i l 7 May 1982, using 
Anderson's tubes on 35 p l o t s and three f u r t h e r methods at 
f i v e sampling s t a t i o n s . Instrumentation by a l l s e l e c t e d 
methods was completed i n e a r l y October 1980 but, to exclude 
the e f f e c t of s o i l d isturbances during the instrumentation, 
i t was decided to record the i n i t i a l reading one month l a t e r . 
The time i n t e r v a l f o r reading a l l instruments was not the 
same. At l e a s t one reading of the Rashidian technique was 
taken every month, but measurements of other instruments 
were not r e g u l a r . The date of the seven readings of Anderson's 
tubes and nine readings of wooden p i l l a r s was c o i n c i d e n t 
with the Rashidian technique. Therefore, a comparison of 
the r a t e of creep f o r the same p e r i o d of monitoring may 
be of i n t e r e s t . The f i n a l readings of a l l instruments were 
taken on the same date (7th May 1982). Thus each category 
of instrument monitored creep r a t e s over the same period 
(18 months). To avoid confusion i n data a n a l y s i s , i t was 
decided to c a l c u l a t e the annual creep r a t e s over the twelve 
months. Two c a t e g o r i e s of method, i . e . the Rashidian t e c h -
nique and the Young'spit, were capable of producing both 
l i n e a r movements and p r o f i l e s of v e l o c i t y a g a i n s t depth. 
The other two, i . e . Anderson's tubes and wooden p i l l a r s , 
measured l i n e a r movements only. There i s no record from 6th 
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January to 4th A p r i l 1981 and from 3rd December 1981 to 1 s t 
A p r i l 1982. T h i s i s because during these periods the 
instruments were covered by snow ( P l a t e 6.1). During the 
monitoring of creep r a t e s , some disturbances or damage 
occurred mainly caused by sheep g r a z i n g . I n t h a t case a new 
instrument was i n s t a l l e d and the monitoring f o r the p e r i o d 
between the l a s t reading before disturbance and the observ-
a t i o n was omitted. The annual r a t e s of s o i l creep produced 
by the d i f f e r e n t methods are t a b u l a t e d and d i s c u s s e d f o r 
f i v e c o n t r o l s t a t i o n s i n sampling s i t e s . The monitoring 
programme f o r each instrument i s d i s c u s s e d so t h a t the t o t a l 
and annual r a t e s of creep recorded can be judged i n context. 
F i n a l l y , i n i n t e r p r e t i n g the r e s u l t s of creep r a t e the 
fol l o w i n g e r r o r s must be noted: 
a. To avoid major s o i l d i s t u r b a n c e s , the r e f e r e n c e s f o r 
a l l methods were i n s t a l l e d i n t o the s o i l at depths of 
between 0.35 and 0.5m. Since some of the r e f e r e n c e s 
may have moved s l i g h t l y , r e s u l t s f o r a l l methods 
are regarded as measurements of marker movement 
r e l a t i v e to the r e f e r e n c e s , and not of absolute 
movement. 
b. E r r o r s due to expansion and c o n t r a c t i o n of r e f e r e n c e s 
and marks caused by changing temperature or to s l i g h t 
rusting were i n e v i t a b l e . Such e r r o r s were too s m a l l 
to a f f e c t measurements of r e l a t i v e movement. 
219 
P l a t e 6.1 : I n s t r u m e n t c o v e r e d by show d u r i n g F e b r u a r y 
March and A p r i l 
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6.2 The Rashidian technique 
The p o s i t i o n s of the s e t of w i r e s c e n t r e d i n movable 
wooden blocks l o c a t e d i n s o i l a t depths from 30 mm to 270 mm 
were measured from the top edge of the square holed on the 
gauge toward the up-slope d i r e c t i o n and recorded on a t o t a l of 
twenty two occasions, i n which only readings c l o s e s t to the 
beginning of each month were taken i n t o account. The only 
problem i n t a k i n g measurements was when the instruments were 
covered by snow. I n each reading great care was taken to 
ensure that the aluminium gauge was p r e c i s e l y l o c a t e d i n i t s 
previous p o s i t i o n . The shallow p l o t , i . e . 3 0 mm depth was 
c o n v e n t i o n a l l y at the l e f t end of the sample and the deepest 
was a t the r i g h t end. Depending on the s o i l t h i c k n e s s , 
maximum depth of samples v a r i e d between 180 and 270 mm. 
Maximum depth of samples 1, 2, 3, 4, 5 was r e s p e c t i v e l y 270, 
270, 270, 180 and 210 mm. 
6.2.1 R e s u l t s 
Since the Rashidian technique was the only one f o r 
which measurements were made r e g u l a r l y , and a p r o f i l e 
with depth was produced, i t provides the standard data 
s e t with which other r e s u l t s can be compared. V a r i a t i o n s 
i n the r a t e of creep seem to be dominated by d i f f e r e n c e s 
i n s o i l p r o p e r t i e s between s i t e s . 
At sampling s i t e s Nos. 1, 2, and 3 the mean annual 
movements are r e s p e c t i v e l y 1.39 mm, 1.52 mm, and 1.33 mm. 
On the other hand, i n sampling s i t e s Nos. 4 and 5, lower 
r a t e s were observed. The mean annual movement f o r 
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sample 4 was 0.69 mm and f o r sample No. 5, 0.58 mm Table 6.1 . 
Maximum movement occurred at 120 mm below the s o i l s u r f a c e f o r 
samples 1, and 2; 90 mm f o r samples 3 and 4; and 60-90 mm 
f o r sample No.5 ( F i g . 6.1). The time of slo w e s t movement 
fo r sampling s i t e s a l s o v a r i e d . Minimum movement f o r sample 
No.l happened i n September; f o r sample No.2, i n June; f o r 
sample No. 3, i n June, August and September; f o r sample 
No.4, i n August and f o r sample No.5 i n August and September 
( F i g . 6.1). O v e r a l l , August and September are the two 
months of g r e a t e s t s o i l s t a b i l i t y . 
Consistency: The f a c t that i n Fi g u r e 6.1 l i n e s do not 
c r o s s , shows that r a t e s are a l l near the average f o r the s i t e s . 
Tables 6.1a, 6.1b, 6.1c, 6.Id, 6.1e show monthly changing 
of p l o t s p o s i t i o n s f o r f i v e c o n t r o l s t a t i o n s and Table 6 . I f 
represent minimum, maximum and annual creep r a t e s of s o i l 
with depth at f i v e c o n t r o l s t a t i o n s . 
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Table 6.1 Annual l i n e a r movement i n sampling s t a t i o n s 
( R a s h i d i a n Technique) 
\Sample 1 2 3 4 5 mean sd 
\ S i t e 
\No. 
D eP t hmm\ 
Move-
ment 
mm 
Move-
ment 
mm 
Move-
ment 
mm 
Move-
ment 
mm 
Move-
ment 
mm mm mm 
30 1.66 1.86 1.46 0.8 0.66 1.28 0.47 
60 1.73 1.93 1.8 1.0 0.86 1.46 0.44 
90 2.2 2.2 2.33 1.2 0.86 1.71 0.58 
120 2.26 2.4 2.26 0.73 0.53 1.63 0.82 
150 1.53 1.73 1.86 0.26 0.46 1.16 0.67 
180 1.2 1.46 1.13 0.2 0.46 0.89 0.47 
210 0.86 1.0 0.73 
* 
— 0.26 0.71 0.27 
240 0.66 0.66 0.4 — — 0.57 0.12 
270 0.46 0.46 0.0 — . — 0.46 0.0 
Mean 1.39 1.52 1.33 0.69 0.58 1.1 0.43 
sd 0.6 0.64 0.77 0.36 0.20 
Depth: below s o i l s u r f a c e i n mm 
sd = standard d e v i a t i o n 
• 22: 
Table 6.1a 
Sample s i t e No.1 
The Rashidian Technique Record Form 
U p s l o p e 
Page 
Date of i n i t i a l 
reading 5.11.1980 
P l o t s 
No. 1 2 3 4 5 6 7 8 9 
) • • • • •<>• • • • 
S h a l l o w 4. ^ D e e p 
P l o t s 
D e p t h 
mm 
3 0 6 0 9 0 1 2 0 1 5 0 
6 
1 8 0 2 1 0 
8 
2 4 0 
9 
2 7 0 
* I n i t i a l 
reading mm 
Change in mm 
2.12.80 
6. 1.81 
3. 2.81 
1. 3.81 
4. 4.81 
8. 5.81 
4. 6.81 
2. 7.81 
7. 8.81 
3. 9.81 
4.10.81 
1.11.81 
3.12.81 
14.1.82 
to 1. 4.82 
7. 5.82 
T o t a l 
movement 
Annual 
l i n e a r 
movement 
14.5 
0.2 
0.1 
13.8 
0.2 
0.1 
Ins t rumen1 
Ins t rument 
0.4 
0.3 
0.1 
0.2 
0.2 
0.1 
0.0 
0.2 
0.2 
0.4 
0.4 
0.1 
0.2 
0.2 
0.1 
0.0 
0.2 
0.2 
13.9 
0.3 
0.2 
covered 
covered 
0.4 
0.4 
0.2 
0.1 
0.2 
0.2 
0.0 
0.3 
0.2 
13.2 
0.3 
0.2 
by 
by 
0.5 
0.4 
0.2 
0.1 
0.2 
0.1 
0.1 
0.2 
0.2 
Instrument 
0.5 
2.5 
1.66 
0.5 
2.6 
1.73 
covered by 
0.8 0.9 
3.3 
2.2 
3.4 
2.26 
14.7 
0.2 
0.1 
snow 
snow 
0.4 
0.3 
0.1 
0.0 
0.1 
0.2 
0.1 
0.1 
0.1 
snow 
0.6 
2.3 
1.53 
13.5 
0.1 
0.0 
0.3 
0.3 
0.1 
0.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.5 
1.8 
1.2 
14.6 
0.1 
0.0 
0.3 
0.2 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.1 
0.4 
1.3 
0.86 
12.3 
0.0 
0.0 
0.3 
0.1 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.1 
0.3 
1.0 
0.66 
13.5 
0.0 
0.0 
0.2 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.3 
0.8 
0.46 
* Wire d i s t a n c e from top edge of plot square 
Table 6.1b 
Samp 1 e s i-te No. 2 
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The Rashidian Technique Record Form 
U p s l o p e 
Page 
Date of i n i t i a l 
reading 5.11.1980 
P l o t s 
No. 1 2 3 4 5 6 7 8 9 
\ • • • • •<>• • • • 
S h a l l o w «_ ^ D e e p 
P l o t s 
D e p t h 
mm 
3 0 6 0 9 0 1 2 0 1 5 0 
6 
1 8 0 2 1 0 
8 
2 4 0 
9 
2 7 0 
M e a n 
* I n i t i a l 
reading mm 
Change in mm 
2.12.80 
6. 1.81 
3. 2.81 
1. 3.81 
4. 4*81 
8. 5.81 
4. 6.81 
2. 7.81 
7. 8.81 
3. 9.81 
4.10.81 
1.11.81 
3.12.81 
to 14.1.82 1. 4.82 
7. 5.82 
T o t a l 
movement 
Annual 
l i n e a r 
movement 
13.2 
0.2 
0.1 
14.4 
0.3 
0.1 
I n s t r jment 
In s t r i m e n t 
0.3 
0.3 
0.1 
0.2 
0.1 
0.1 
0.2 
0.2 
0.2 
0.3 
0.3 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.3 
Instrument 
0.8 
2.8 
1.86 
0.9 
2.9 
1.93 
L3.2 15.7 
0.4 
0.2 
soverejd 
covered 
0.5 
0.4 
0.1 
0.0 
0.1 
0.0 
0.2 
0.3 
0.2 
coverdd 
0.3 
0.2 
by E 
by 
0.6 
0.5 
0.2 
0.1 
0.1 
0.0 
0.2 
0.3 
0.3 
14.1 
0.2 
0.2 
now 
snow 
0.3 
0.4 
0.2 
0.0 
0.1 
0.0 
0.2 
0.2 
0.2 
0.9 
3.3 
2.2 
by 
0.8 
3.6 
2.4 
gnow 
0.6 
2.6 
13.6 
0.2 
0.1 
0.3 
0.4 
0.1 
0.0 
0.1 
0.0 
0.1 
0.2 
0.2 
0.5 
2.2 
12-2 
0.1 
0.1 
0.2 
0.3 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.2 
0.4 
1.5 
1.73 1.46 1.0 
1 4.5 
0.1 
0.1 
0.1 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.3 
1.0 
0.66 
14.4 
0.1 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.6 
0.46 
* Wire d i s t a n c e from top edge of pl o t square 
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Table 6.1c 
Sample s i t e No.3 
Page 
The Rashidian Technique Record Form 
U p s l o p e 
Date of i n i t i a l 
reading 5.11.1980 
P l o t s 
No. 1 2 3 4 5 6 7 8 9 
\ • • • • •<>• • • • 
S h a l l o w «_ + D e a p 
P l o t s 1 2 3 4 5 6 7 8 9 
M e a n 
D e p t h 
mm 
3 0 6 0 9 0 1 2 0 1 5 0 1 8 0 2 1 0 2 4 0 2 7 0 
* I n i t i a l 
r eading mm 13 .6 16.5 14.5 15.8 16.2 14.8 14.2 15.3 15.2 
Change in mm 
2.12.80 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.0 0.0 
6. 1.81 0.3 0.3 0.3 0.4 0.4 0.2 0.1 0.1 0.0 
3. 2.81 I n s t •ument cover sd by snow 
1. 3.81 I n s t rumen t cover ed by snow 
4. 4.81 0.5 0.6 0.7 0.6 0.6 0.4 0.2 0.2 0.0 
8. 5.81 0.2 0.2 0.4 0.4 0.3 0.2 0.1 0.0 0.0 
4. 6.81 0.0 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.0 
2. 7.81 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 
7. 8.81 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 
3. 9.81 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.0 
4.10.81 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0 o.o 
1.11.81 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.0 0.0 
3.12.81 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.0 0.0 
14.1.82 
to 1. 4.82 I n s t •ument cover ed by snow 
7.5 .82 0.6 0.7 0.8 0.9 0.6 0.3 0.2 0.1 0.0 
T o t a l 
movement 2.2 2.7 3.5 3.4 2.8 1.7 1.1 0.6 0.0 
Annual 
l i n e a r 
movement 1.46 1.8 2.33 2.26 1.86 1.1J 0.7: 0.4 v.o 1.33 
* Wire d i s t a n c e from top edge of p l o t square 
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Table 6.Id 
Sample s i t e No. 4 
Page 
The Rashidian Technique Record Form 
U p s l o p e 
Date of i n i t i a l 
reading 5.11.1980 
P l o t s 
No. 1 2 3 4 5 6 7 8 9 
\ • • • • • • • 
S h a l l o w 4. _> D e e p 
P l o t s 
D e p t h 
mm 
3 0 6 0 
3 
9 0 1 2 0 
5 
1 5 0 1 8 0 2 1 0 2 4 0 
9 
2 7 0 
M t a n 
* I n i t i a l 
reading mm 
Change in ran 
2.12.80 
6. 1.81 
3. 2.81 
1. 3.81 
4. 4.81 
8. 5.81 
4. 6.81 
2. 7.81 
7. 8.81 
3. 9.81 
4.10.81 
1.11.81 
3.12.81 
No b ock i i s e r t e i 
to 14.1.82 1. 4.82 
7. 5.82 
T o t a l 
movement 
Annual 
l i n e a r 
movement 
13.3 
0.1 
0.0 
14.8 
0.1 
0.1 
15.7 13.4 
Instrument 
Instrument 
0.1 
0.2 
0.1 
0.0 
0.1 
0.0 
0.1 
0.1 
0.0 
0.2 
0.2 
0.1 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
0.2 
0.1 
covered 
covered 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
0.1 
by 
by 
0.2 
0.1 
0.1 
0.1 
0.0 
0.0 
0.1 
0.1 
0.0 
Instrument 
0.4 
1.2 
0.8 
0.4 
1.6 
1.0 
covered by 
0.2 0.4 
1.8 
1.2 
1.1 
13.6 
0.0 
0.0 
snow 
snow 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
snow 
0.1 
0.4 
0.71 0.26 
15.8 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.3 
0.2 0.69 
* Wire d i s t a n c e from top edge of plot sauare 
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Table 6.1e Page 
Sample s i t e No. 5 
The Rashidian Technique Record Form 
U p s l o p e 
Date of i n i t i a l 
reading 5.11.1980 
P l o t s 
No. 1 2 3 4 5 6 7 8 9 > • • • • •<>• • • • 
S h a l l o w 4. + D e e p 
P l o t s 1 2 3 4 5 6 7 8 9 
M e a n 
D e p t h 
mm 
3 0 6 0 9 0 1 2 0 1 5 0 1 8 0 2 1 0 2 4 0 2 7 0 
* I n i t i a l 
reading mm 13.7 14 .5 12.3 15.1 13 .5 14.4 
No b l 
12.8 
Dck i n sertec 
Change in nm 
2.12.80 0.0 0.1 0.1 0.1 0.0 0.0 0.0 - -
6. 1.81 0.1 0.1 0.2 0.1 0.1 0.1 0.0 - -
3. 2.81 Inst : •ument cover sd by snow 
1. 3.81 Inst : •ument cover sd by snow 
4. 4.81 0.2 0.2 0.2 0.1 0.1 0.1 0.1 - -
8. 5.81 0.1 0.1 0.1 0.1 0.0 0.0 0.0 - -
4. 6.81 0.1 0.1 0.1 0.0 0.0 0.0 0.0 - -
2. 7.81 0.1 0.1 0.1 0.1 0.0 0.0 0.0 -• -
7. 8.81 0.0 0.0 0.0 0.0 0.1 0.0 0.0 - -
3. 8.81 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
4.10.81 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
1.11.81 0.0 0.0 0.1 0.0 0.1 0.0 0.0 - -
3.12.81 0.1 0.1 0.0 0.0 0.0 0.0 0.0 - -
14.1.82 
to 1. 4.82 In s t ] • ument cover id by snow 
7. 5.82 0.3 0.5 0.1 0.3 0.3 0.2 0.2 - -
Total movement 1.0 1.3 1.0 0.8 0.7 0.7 0.3 _ — 
Annual 
l i n e a r 
movement 0.66 0.86 0.86 0.53 0.46 0.46 0.2C 0.58 
* Wire d i s t a n c e from top edge of plot square 
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Table 6.1f A p r o f i l e of s o i l movement with depth obtained 
by Rashidian's technique 
Depth of S t . creep 
S i t e saraole mm N Min Max Mean dev. mma 
1 30 12 0.0 .50 .21 .14 1.66 2 30 12 0.1 .80 .23 .19 1.86 
3 30 12 0.0 .60 .18 .19 1.46 
4 30 12 0.0 .40 .10 .11 0.80 
5 30 12 0.0 .30 .08 .09 0.83 
1 60 12 0.0 .50 .22 .15 1.73 
2 60 12 0.1 .90 .24 .23 1.93 
3 60 12 0.0 .70 .22 .22 1.80 
4 60 12 0.0 ;4o .13 .09 1.06 
5 60 12 0.0 .50 .11 .14 0.86 
1 90 12 0.0 .80 .27 .20 2.20 
2 90 12 0.0 .90 .27 .25 2.20 
3 90 12 0.1 .80 .29 .23 2.33 
4 90 12 0.0 .40 .15 .10 1.20 
5 90 12 0.0 .40 .11 .12 0.86 
1 120 12 0.1 .90 .28 .23 2.26 
2 120 12 0.0 .80 .30 .23 2.40 
3 120 12 0.0 .90 .28 .25 2.26 
4 120 12 0.0 .20 .09 .06 0.73 
5 120 12 0.0 .30 .07 .09 0.53 
1 150 12 0.0 .60 .19 .17 1.53 
2 150 12 0.0 .60 .22 .16 1.73 
3 150 12 0.0 .60 .23 .20 1.86 
4 150 12 0.0 .10 .03 .05 0.26 
5 150 12 0.0 .30 .06 .10 0.46 
1 180 12 0.0 .50 .15 .14 1.20 
2 180 12 0.0 .50 .18 .15 1.46 
3 180 12 0.0 .40 .14 .12 1.13 
4 180 12 0.0 .10 .03 .05 0.20 
5 180 12 0.0 .30 .06 .10 0.46 
1 210 12 0.0 .40 .11 .13 0.86 
2 210 12 0.0 .40 ..12 .13 1.00 
3 210 12 0.0 .20 .10 .70 0.73 
4 210 12 0.0 .20 .03 .06 0.26 
5 210 12 0.0 .30 .09 .11 0.66 
1 240 12 0.0 .30 .09 .01 0.66 
2 240 12 0.0 .20 .05 .07 0.40 
3 240 12 0.0 .30 .07 .01 0.53 
4 240 12 0.0 .20 .05 .07 .40 
5 240 12 0.0 0. 0. — 
N = Number of readings Min = minimum Max = maximum 
St.dev = standard d e v i a t i o n . 
0 0 3—1 0 0 6 - a 
018—* 0-1 5 - * Profile lines with depths in m e t r e s ! 0-1 2—* 
0-27—0 0-24-4 0-21 —? 
Snow covered 
Snow covered 
13 
1 
6 
1 
1 
1 
1 
F i g 6 1 Movement profile with depth obtained by the Rashidian technique in five sampling stat ion 
at Killhope basin from 5th November 19 8 0 to 7th May 19 8 2 
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6.3 The Anderson's tubes 
Anderson's tubes were used to determine b o d i l y 
movement at each p l o t . A f t e r the establishment of each p l o t 
the i n i t i a l d i s t a n c e of the upslope marked p o i n t s i n the 
tubes was measured from the s t a t i o n a r y rod and recorded. 
On f u r t h e r v i s i t s , new p o s i t i o n s of the tubes were 
measured and recorded. Decreasing d i s t a n c e of the tubes 
from the rod i n d i c a t e d movement caused by s o i l 
creep. A comparison of the annual l i n e a r creep r a t e s at 
each c o n t r o l s t a t i o n , c a l c u l a t e d from t i l t measurement 
of the tubes used, i s given i n Table 6.2, with the mean 
annual l i n e a r creep r a t e of a l l the tubes used at each 
sampling s i t e , c a l c u l a t e d t o show d i f f e r e n c e s of the creep 
r a t e between the p l o t s . The h i g h e s t observed r a t e s occurred 
with the Anderson's tubes on the s t a t i o n at sampling s i t e s 
Nos. 1 and 2 ( F i g . 6.2) and lower r a t e s of movement are 
found f o r sampling s i t e s 4 and 5 ( F i g . 6.3). F u l l r e s u l t s 
of annual l i n e a r creep r a t e obtained by Anderson's tubes 
f o r 35 p l o t s i n c l u d i n g sampling s t a t i o n are t a b u l a t e d i n 
Table 6.2f ( 44 p l o t s were e s t a b l i s h e d but owing to d i s t u r -
bance, vandalism, e t c . readings could only be obtained 
from 35.) 
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Table 6.2 Annual movement at sampling s t a t i o n s 
(Anderson's tubes) 
Sample s i t e 
No. 
Annual l i n e a r move-
ment at c o n t r o l 
s t a t i o n s mma~' 
Mean annual l i n e a r 
movement f o r the 
p l o t s mrna-1 
1 1.66 2.06 
2 1.86 1.39 
3 1.55 1.51 
4 0.8 1.10 
5 0.66 1.47 
Mean 1.30 1.50 
Standard 0.52 0.31 
Dev i a t i o n 
Table 6.2a -232 -
The Anderson's tube record form 
Sample s i t e No. 1 
Plot No. 
Aspect 
Slope angle 
Vegetation 
S o i l t e x t u r e 
1 
S.W 
10° 
Calluna v u l g a r i s 
Anderson's tube 
Ir o n rod ( f i x e d 
. a p o i n t ) 
S i l t y loam 
Depth of tube i n s e r t i o n 0.30 m 
Date of i n i t i a l reading 5.11.1980 
.-- b 
Point a. movement mm b. movement mm c. movement mm 
I n i t i a l 
* reading 25.0 25.1 25.2 
3.2.81 0.3 0.3 0.3 
8.5.81 0.5 0.4 0.3 
2.7.81 0.3 0.3 0.3 
21.9.81 0.1 0.1 0.1 
4.10.81 0.1 0.1 0.1 
1.11.81 0.2 0.2 0.2 
3.12.81 0.2 0.2 0.2 
7.5.82 0.8 0.7 0.6 
Tot a l movement 2.5 2.3 2.1 
Annual movement 1.66 1.53 1.4 
Mean annual movement 2.06 
* Fixed p o i n t distance from p o i n t a, b, c i n mm. 
Table 6.2b -233-
The Anderson's tube record form 
2 
1 
East 
8° 
Calluna v u l g a r i s 
Sample s i t e No 
Plo t No. 
Aspect 
Slope angle 
Vegetation 
S o i l t e x t u r e S i l t y loam 
Depth of tube i n s e r t i o n 0.30 m 
Date of i n i t i a l reading 5.11.1980 
. Anderson's tube 
I r o n rod ( f i x e d 
_ a p o i n t ) 
c 
Point a. movement mm b. movement mm c. movement mm 
I n i t i a l 
* reading 23.0 - 23.0 - 23.0 -
3. 2.81 0.4 0.4 0.2 
8. 5.81 0.6 0.6 0.6 
2. 7.81 0.3 0.3 0.3 
21.9.81 0.1 0.1 0.1 
4.10.81 0.1 0.1 0.1 
1.11.81 0.2 0.2 0.2 
3.12.81 0.2 0.2 0.2 
7. 5.82. 0.9 0.8 0.7 
To t a l movement 2.8 2.6 2.4 
Annual movement 1.86 1.73 1.6 
Mean annual movement 1.39 
* Fixed p o i n t distance from p o i n t a, b, c i n mm. 
Tabl 6.2c -234-
The Anderson's tube record form 
Sample si ' , e No . 3 
Plot No. 1 
Aspect South 
Slope a n g l t 7° 
Vegetatior. Coniferous t r e e s , Festuca _ ., o J ovina S o i l t e x t u r e Sand 
Depth of tube i n s e r t i o n 0.30 m 
Date of i n i t i a l reading 5.11.1980 
Anderson's tube 
I r o n rod ( f i x e d 
. a p o i n t ) 
I c 
Point a. movement mm b. movement mm c. movement mm 
I n i t i a l 
* reading 18.3 18.2 18.1 
3. 2.81 0.2 0.2 0.2 
8. 5.81 0.5 0.5 0.4 
2. 7.81 0.2 0.2 0.2 
21.9.81 0.2 0.2 0.2 
1.11.81 0.2 0.2 0.2 
3.12.81 0.4 0.3 0.3 
7. 5.82 0.6 0.5 0.4 
To t a l moveanent 2.3 2.1 1.9 
Annual movement 1.55 1.40 1.26 
Mean annual movement 1.51 
* Fixed p o i n t d i s t a n c e from p o i n t a, b, c i n mm. 
Table 6.2d 
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The Anderson's tube record form 
Sample s i t e No. 4 
Plot No. 
Aspect 
Slope angle 
Vegetation 
S o i l t e x t u r e 
Depth of tube i n s e r t i o n 
Date of i n i t i a l reading 
1 
West 
15° 
Poa p r a t e n s i s 
Loam 
Anderson's tube 
I r o n rod ( f i x e d 
_ a p o i n t ) 
0.25 
5.11.1980 
c 
Point a. movement mm b. movement mm c. movement mm 
I n i t i a l 
* reading 13.5 13.3 13.1 
3.2. 81 0.1 0.1 0.1 
8.5. 81 0.3 0.2 0.1 
2.7. 81 0.1 0.1 0.1 
21.9.81 0.0 0.0 0.0 
1.11.81 0.1 0.1 0.1 
3.12.81 0.2 0.2 0.2 
7.5. 82 0.4 0.4 0.4 
To t a l movement 1.2 1.1 1.0 
Annual movement 0.8 0.73 0.66 
Mean annual movement 1.10 
* Fixed p o i n t distance from p o i n t a, b, c i n mm. 
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Th e Anderson's tube record form Table 6.2e 
Sample s i t e No. 
Plot No. 
Aspect 
Slope angle 
Vegetation 
S o i l t e x t u r e 
Depth of tube i n s e r t i o n 0.25 m 
Date of i n i t i a l reading 5.11.1980 
5 
1 
South 
3° 
Poa p r a t e n s i s 
Loam 
Anderson's tube 
I r o n rod ( f i x e d 
. a p o i n t ) 
Point a. movement mm b. movement mm c. movement mm 
I n i t i a l 
* reading 26.6 26.7 26.8 
3.2. 81 0.1 0.1 0.0 
8.5. 81 0.2 0.2 0.2 
2.7. 81 0.1 0.0 0.0 
21.9.81 0.0 0.0 0.0 
1.11.81 0.0 0.0 0.1 
3.12.81 0.2 0.2 0.2 
7.5. 82 0.4 0.4 0.3 
To t a l movement 1.0 0.9 0.8 
Annual movement 0.66 0.60 0.53 
Mean annual movement 1.47 
* Fixed p o i n t distance from p o i n t a, b, c i n mm. 
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rOO r 00 
^ 2 5 ^ 5 
0 h5 0 
(1) ( 2 ) 
6.2 : Andersons tubes : bodily movement ( P l o t 
o f s i t e s 1, 2 & 3) 
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m m 
30 
20 
10< 
0 
0 10 20m nv 
00 
25 
50 
0-0 
2 5 
50 
(5) 
F t g . 6.3 : Anderson's tubes : bodily iwjjvement ( P l o t 1 
o f s i t e s 4 & 5 ) 
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Table 6. 2f Annual l i n e a r creep r a t e obtained by Anderson's 
tubes f o r 35 p l o t s 
Plot No* 
Site No. „ 
1 2 3 4 5 6 
: i ! | 
7 8 9 1 10 1 11 
i ; i i i 
1 1.66 1.69 - - 2.68 2.14 1.80 ; - 1.74 2.73 
1 : 
'• 1 
j 
] 
2 1.87 0.75 2.55 - - 0.68i - - 1.8 
; 
i ; 
0.72 
3 1.57 1.68 - 1.55 
; : ; ! , i • * t * • 
i t i i • ' i f 
1.26' - - j - j - ; 
; ! 
4 0.83 0.97 0.85 0.62; 0.7 
1 : 
0.88 0.90 1.55: 2.63 - ! 
• i ! ! 
: i t i 
! J 
5 0.68 - 0.7 0.72 
i 
1.88 1.75 1.84 2.16 
! j 
{ | 
1.85| 1.72 -
i 
i 1 
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6.4 Wooden p i l l a r s 
Following the procedure described i n Chapter two, s i x 
readings of t h i s instrument were obtained between 4 t h 
November 1980 and 7 t h May, 1982 (Table 6.3). These data 
represent changes i n the rod's p o s i t i o n caused by s o i l 
movement. Regarding the l e n g t h of rods the layer of s o i l 
a f f e c t e d v a r i e d between 50-150 mm. This measurement was not 
s u f f i c i e n t t o determine the rods 1 p i v o t p o i n t s , and t h e r e f o r e 
b o d i l y movement i s not c a l c u l a b l e . The data were used j u s t t o 
estimate and compare the r a t e of s o i l movement w i t h depth 
upon the rods. With the exception of p l o t b (100 mm depth) 
at sample 3, the r a t e of movement i n a l l p l o t s decreased w i t h 
depth, i . e . maximum movement occurred at t h e top l a y e r of 
the s o i l , which i s co n t r a r y t o the r e s u l t s taken from other 
instruments. This can be j u s t i f i e d : 
a. The dense, i n t e r t w i n e d r o o t mat at t h i s sampling s i t e i s 
a more important c o n t r o l of s o i l creep i n the upper 
s o i l l a y e r s . 
b. I t i s l i k e l y t h a t t h i s p l o t has been a f f e c t e d by t r e e 
r o o t s or other agents. The r e s u l t s of t h i s instrument 
f o r f i v e sampling s i t e s are given i n Table 6.3 and 
Figures 6.4, 6.5, 6.6, 6.7, 6.8. 
Table 6.3 S o i l movement at study area (wooden p i l l a r s ) 
Sampling s i t e 1 2 3 4 5 
Mean annual 
movement mm 
1.5 1.77 1.35 0.75 0.66 
Standard d e v i a t i o n 0.19 0.27 0.16 0.19 0.16 
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Table 6.3a 
The wooden p i l l a r s record form 
/ I r o n rod ( f i x e d p o i n t ) Sample No. 1 ' 
/ 
/ z Movable wooden p i l l 
Length o f wooden p i l l a r / / 
i n s e r t i o n r / / / 
a - 0.05 m / I 7 I / I 
b - 0.10 m / tL c « 0.15 m 
Date of i n i t i a l reading 5.11.1980 
Pl o t a b c 
Movement 
i n mm 
Movement 
i n mm 
Movement 
i n mm 
* I n i t i a l reading nun 40.0 40.0 40.0 
6.1.81 0.4 0.4 0.3 
4.4.81 0.7 0.6 0.5 
2.7.81 0.3 0.3 0.2 
1.11.81 0.4 0.3 0.3 
7.5.82 0.8 0.7 0.6 
T o t a l movement 2.6 2.3 1.9 
Annual l i n e a r movement 1.73 1.53 1.26 
Mean 1 • 5 
Standard d e v i a t i o n °- 19 
* Wooden p i l l a r s distance from f i x e d p o i n t s 
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Table 6.3b 
Sample No. 2 
The wooden p i l l a r s record form 
/ I r o n rod ( f i x e d p o i n t ) 
Length of wooden p i l l a r / / 
i n s e r t i o n / T T6 
/ / / 
a - 0.05 m / f • / 
b - 0.10 m / . y 
c - 0.15 m 
/ 
r 
/ 
/ , Movable wooden p i l l a r 
± 
Date of i n i t i a l reading 5.11.1980 
Pl o t a b c 
Movement 
i n mm 
Movement 
i n mm 
Movement 
i n mm 
* I n i t i a l reading mm 40.0 40.0 40.0 
6.1.81 0.4 0.3 0.3 
4.4.81 0.8 0.7 0.6 
2.7.81 0.4 0.3 0.2 
1.11.81 0.7 0.7 0.5 
7.5.82 0.9 0.7 0.6 
T o t a l movement 3.2 2.6 2.2 
Annual l i n e a r movement 2.13 1.73 1.46 
Mean 1 , 7 7 
Standard d e v i a t i o n 0.27 
* Wooden p i l l a r s distance from f i x e d p o i n t s 
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Table 6.3c 
Sample No. 
The wooden p i l l a r s record form 
/ I r o n rod ( f i x e d p o i n t ) 
Length of wooden p i l l a r / / 
i n s e r t i o n / / / 
c * 0.15 m 
/ 
/ 
/ 
/ , Movable wooden p i l l a r 
/ / 
a - 0.05 m / ' * 1 / 
b - 0.10 m / ./ =fc 
Date of i n i t i a l reading 5.11.1980 
P l o t a b c 
Movement 
i n mm 
Movement 
i n mm 
Movement 
i n mm 
* I n i t i a l reading mm 40.0 40.0 40.0 
6.1.81 0.3 0.4 0.2 
4.4.81 0.5 0.5 0.5 
2.7.81 0.3 0.4 0.2 
1.11.81 0.3 0.4 0.3 
7.5.82 0.7 0.6 0.5 
T o t a l movement 2.1 2.3 1.7 
Annual l i n e a r movement 1.4 1.53 1.13 
Mean 1.35 
Standard d e v i a t i o n 0.16 
* Wooden p i l l a r s distance from f i x e d p o i n t s 
Table 6.3d 
The wooden p i l l a r s record form 
/ I r o n rod ( f i x e d p o i n t ) 
Sample No. 4 / 
/ / Movable wooden p i l l a r 
Length of wooden p i l l a r / / 
i n s e r t i o n / / / 
a = 0.05 m / » / • 
b = 0.10 m / , / \ 
m b c 
c = 0.15 m 
Date of i n i t i a l reading 5.11.1980 
Pl o t a b c 
Movement 
i n mm 
Movement 
i n mm 
Movement 
i n mm 
* I n i t i a l reading mm 40.0 40.0 40.0 
6.1.81 0.2 0.1 0.1 
4.4.81 0.3 0.3 0.2 
2.7.81 0.2 0.2 0.1 
1.11.81 0.3 0.1 0.1 
7.5.82 0.5 0.4 0.3 
To t a l movement 1.5 1.1 0.8 
Annual l i n e a r movement 1.0 0.73 0.53 
Mean 0.75 
Standard d e v i a t i o n 0.19 
* Wooden p i l l a r s distance from f i x e d p o i n t s 
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Table 6.3e 
The wooden p i l l a r s record form 
, / I r o n rod ( f i x e d p o i n t ) Sample No. 5 / 
/ 
/ x Movable wooden p i l l a r 
Length of wooden p i l l a r / / 
i n s e r t i o n / / / 
a - 0.05 m / / I / I 
b = 0.10 m / , / \ 
c • 0.15 m 
Date of i n i t i a l reading 5.11.1980 
Pl o t a b c 
Movement 
i n mm 
Movement 
i n mm 
Movement 
i n mm 
* I n i t i a l reading mm 40.0 40.0 40.0 
6.1.81 0.2 0.1 0.1 
4.4.81 0.3 0.3 0.2 
2.7.81 0.2 0.1 0.1 
1.11.81 0.2 0.2 0.1 
7.5.82 0.4 0.3 0.2 
T o t a l movement 1.3 1.0 0.7 
Annual l i n e a r movement 0.86 0.66 0.46 
Standard d e v i a t i o n 0.16 
* Wooden p i l l a r s distance from f i x e d p oint 
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6.5 Young's p i t 
The Young's p i t i s a long term technique and i t cannot 
be read over short time periods. As d e s c r i b e d i n Chapter two, 
i t i s p o s s i b l e to use c i r c u l a r sampling p l o t s , and to take 
more than one reading during the period of study. But, 
because of the short period a v a i l a b l e f o r c o l l e c t i n g data 
(18 months), i t was f e l t that one reading from each s i t e 
would be reasonable. A l l samples were re-excavated with great 
c a r e a t one v i s i t ( 5 t h May 1982), f o r measurements to be 
made. I t should be noted that measuring the new p o s i t i o n of 
the w i r e s from a suspended plumb l i n e was not easy or accurate; 
t h e r e f o r e a p a r t of the s e c t i o n a l aluminium gauge (R a s h i d i a n ' s 
technique) was f i t t e d t a n g e n t i a l t o the plumb l i n e and used as 
a s t a t i o n a r y point. Measurements of the new p o s i t i o n of 
w i r e s was taken with r e f e r e n c e to the gauge. The r e s u l t s of 
measurements f o r a l l samples are l i s t e d i n Table 6.4 and 
portrayed i n F i g u r e 6.9. 
6.6 R e s u l t s f o r a l l instruments 
When measuring the creep r a t e , d i f f i c u l t i e s occur 
because the four d i f f e r e n t methods used ( i n each c o n t r o l 
s t a t i o n ) produced d i f f e r e n t r e s u l t s . S i nce the t r u e r a t e of 
s o i l creep i s unknown, t h e r e i s the problem of not knowing 
which method has recorded the most a c c u r a t e r e s u l t . Data 
a n a l y s i s must concentrate on the c o n s i s t e n c y of the r e s u l t s 
obtained, to see i f any p a r t i c u l a r method of measurement seems 
to be more or l e s s c o n s i s t e n t . One s t a t i s t i c a l method of 
t r y i n g to work on t h i s problem i s by using the standard 
d e v i a t i o n which w i l l show how f a r r e s u l t s a r e removed from 
or c l o s e to the mean. To f a c i l i t a t e comparison between the 
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Table 6.4 Young's p i t readings i n study a r e a 
\ Sample 
\ No 1 2 3 4 
i 
5 mean sd 
D e p t h \ mm \ 
Move-
ment 
mm 
Move-
ment 
mm 
Move-
ment 
mm 
Move-
ment 
mm 
Move-
ment 
mm mm mm 
25 3.1 2.6 2.1 1.6 1.4 2.16 0.62 
50 3.0 2.7 2.4 2.3 1.6 2.4 0.46 
75 3.0 3.1 2.8 2.0 . 1.8 2.54 0.53 
100 3.1 3.5 2.8 1.6 1.7 2.54 0.76 
125 3.1 3.7 2.6 1.5 1.1 2.4 0.97 
150 2.3 2.8 2.2 0.4 0.9 1.72 0.91 
175 1.6 2.3 1.5 0.2 0.5 1.22 0.76 
200 0.7 1.5 0.9 — 0.3 0.85 0.43 
225 0.4 1.0 0.7 — ' — 0.7 0.24 
Mean 2.25 2.57 2.0 1.37 1.16 1.87 0.53 
Median 3.0 2.7 2.2 1.6 1.1 
Sd 1.02 0.82 0.74 0.72 0.52 
Mean 
Ann.rate 
of move-
ment 
mm 
1.5 1.71 1.33 0.91 0.77 0.39 
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F i g . 6.9 A comparison of the r a t e of movement i n 
sampling s i t e s , (Young's p i t ) . 
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annual creep r a t e s obtained by each instrument, they are l i s t e d 
together f o r a l l instruments i n Table 6.5 ( s e e a l s o F i g . 6.10). 
I t should be noted t h a t the Anderson's tubes value only 
r e p r e s e n t s the l i n e a r movement of the tube used i n each 
c o n t r o l s t a t i o n . 
Table 6.5 Summary of annual l i n e a r movement (mm) obtained 
by a l l instruments i n sampling s t a t i o n s 
Sample 
S i t e 
No 
Rash-
i d i a n ' s 
Technique 
Young 1s 
p i t 
Ander-
son ' s 
tube 
Wooden 
p i l l a r s 
Mean Sd 
1 1.39 1.5 1.66 1.5 1.51 0.09 
2 1.52 1.71 1.86 1.77 1.71 0.12 
3 1.33 1.33 1.55 1.35 1.39 0.09 
4 0.69 0.91 0.86 0.75 0.80 0.08 
5 0.58 0.77 0.66 0.66 0.66 0.06 
Mean 1.10 1.24 1.31 1.20 1-21 
Sd 0.43 0.39 0.52 0.48 
I t can be seen t h a t a l l techniques g i v e s l i g h t l y g r e a t e r 
movement a t s i t e 2. The Rashidian technique r e s u l t s a r e very 
c l o s e to those obtained from the Young's p i t and wooden 
p i l l a r s a t sample s i t e 1, 3 and to those from Anderson's 
tubes and Wooden p i l l a r s a l s o at sample s i t e s 4 and 5. The 
r e s u l t s of Young's p i t , Wooden p i l l a r s and Rashidian technique 
a r e v ery c l o s e to the mean f o r sample s i t e s 1, 2 and 3. But 
i n the case of sample s i t e s 4 and 5, Anderson's tubes r e s u l t s 
a r e v e r y c l o s e to the mean. T h i s suggests t h a t depending 
on the s o i l c o n d i t i o n s one of the instruments i s more a c c u r a t e 
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and u s e f u l than the others, bearing i n mind that the s o i l 
c h a r a c t e r s at each s i t e can vary. Also, the type of veget-
a t i o n covering each sampling s i t e i s not the same. Standard 
d e v i a t i o n w i t h i n the p l o t s i n each sample and between the 
samples i n d i c a t e s a comparatively high spread of r e s u l t s 
about the mean. Examination of r e s u l t s shows that d i f f e r e n c e s 
between the p l o t means at each sample and between samples are 
a l s o s u b s t a n t i a l . 
6.7 Volumetric r a t e s of creep 
6.7.1 I n t r o d u c t i o n 
The u n i t f o r measuring v o l u m e t r i c downslope movement 
of s o i l i s the volume moved annually a c r o s s a plane perp-
e n d i c u l a r to the ground s u r f a c e and p a r a l l e l to the contour 
of the slope, per u n i t h o r i z o n t a l d i s t a n c e along the plane; 
i t i s expressed i n cm 2a - 1(Young, 1972). T h i s can be c a l -
c u l a t e d as the sum of areas of t r a p e z i a , i n which the p a r a l l e l s 
represent l i n e a r movements at two adjacent depths, separated 
by the d i f f e r e n c e i n depths, as i n t h i s scheme: 
L i n e a r movement 
Upper depth 
Lower depth 
C o n t r i b u t i o n to t o t a l 
Volumetric 
Movement 
L i n e a r movement 
Or, to put i t another way, 
Volumetric r a t e = ( t o t a l t h i c k n e s s of. .depth-averaged. 
moving s o i l ' * K l i n e a r r a t e ; 
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6.7.2 The Rashidian technique 
Using t h i s technique produced a p r o f i l e of movement 
with depth, caused by s o i l movement over each p l o t . The v o l -
umetric r a t e of creep was c a l c u l a t e d f o r each s i t e (Table 6.6). 
Note that there i s no record f o r the f i r s t 30 mm depth from 
the s o i l s u r f a c e , because of u n c e r t a i n t y about p l o t d i s t u r -
bances by r a i n wash or other agents. The method used to 
overcome t h i s d i f f i c u l t y was to assume that the r a t e f o r 
0-30 mm eq u a l l e d that observed f o r 30-60 mm. T h i s i s , of 
course, a crude approximation, but i t seems the s i m p l e s t 
assumption to make. The maximum depth measured f o r t h i s study 
was 270 mm from the s u r f a c e (samples 1, 2 and 3 ) . According to 
the Anderson's tubes r e s u l t s , maximum depth at which s o i l moves 
for sample s i t e s 1, 2, and 3 i s r e s p e c t i v e l y 300, 300 and 
310 mm. I n the case of samples 4 and 5, the maximum depth of 
s o i l moving has been c a l c u l a t e d . 
Table 6.6 Annual volumetric movement i n study a r e a cm 2a 
(Rashi d i a n 5 technique) 
SoiT"^—JJample No. 
depth mm 
1 2 3 4 5 
0.0 - 30 0.5 0.56 0.48 0.27 0.22 
30 - 60 0.5 0.56 0.48 0.27 0.22 
60 - 90 0.58 0.61 0.61 0.33 0.25 
90 - 120 0.66 0.69 0.68 0.28 0.20 
120 - 150 0.56 0.61 0.61 0.14 0.14 
150 - 180 0.40 0.47 0.44 0.06 0.13 
180 - 210 0.30 0.36 0.27 0.0 0.10 
210 - 240 0.22 0.24 0.16 0.0 0.0 
240 - 270 0.16 0.16 0.06 0.0 0.0 
T o t a l movement 
c m 2 a _ 1 3.88 4.26 3.79 1.35 1.26 
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6.7.3 Young's p i t 
According to the data obtained from Young's p i t 
measurements, the movement of w i r e s from the r e f e r e n c e v a r i e s . 
The maximum depth measured f o r t h i s study was 225 mm from the 
s u r f a c e . There i s no r e c o r d f o r the f i r s t 25 mm depth 
from the s o i l s u r f a c e . As with the Rashidian technique, i t 
i s assumed that the r a t e of movement f o r t h i s l a y e r equalled 
that f o r the l a y e r below. The r e s u l t s of c a l c u l a t i o n s of 
volumetric r a t e s of creep f o r t h i s method are given i n 
Table 6.7. 
Table 6.7 Annual v o l u m e t r i c r a t e of creep i n study a r e a cm 2a 
(Young's p i t ) 
^*^~~~-^5ample No. 
Depth mm ""*~~~-«^^ 1 2 3 4 5 
0.0 - 25 0.76 0.66 0.56 0.48 0.37 
25 - 50 0.76 0.66 0.56 0.48 0.37 
50 - 75 0.75 0.72 0.65 0.53 0.42 
75 - 100 0.75 0.82 0.70 0.45 0.43 
100 - 125 0.77 0.80 0.67 0.38 0.35 
125 - 150 0.67 0.81 0.60 0.23 0.25 
150 - 175 0.48 0.63 0.46 0.07 0.17 
175 - 200 0.28 0.47 0.30 0.02 0.1 
200 - 225 0.13 0.31 0.20 0.0 0.03 
T o t a l movement 
c m 2 a - 1 5.35 5.98 4.7 2.64 2.49 
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6.7.4 The Anderson's Tubes 
The s i g n i f i c a n t advantage of using Anderson's tube i s 
th a t i t s p i v o t point can be i d e n t i f i e d , i n d i c a t i n g the 
maximum depth of s o i l movement. Using the maximum depth of 
movement f o r each p l o t i n c o n t r o l s t a t i o n s i n r e l a t i o n to i t s 
annual l i n e a r creep r a t e , a volumetric measurement was 
c a l c u l a t e d (Table 6.8). For example, s i t e 1 c a l c u l a t i o n i s 
(1.66 mm x 300 mm)/(2 x 100) = 2.49 c m 2 a _ 1 . F u l l r e s u l t s of v o l -
umetric creep r a t e s f o r 35 Andersonte tubes p l o t s are tabulated i n 
Table 6.8a. 
Table 6.8 Volumetric creep r a t e (Anderson's tubes) 
Sample s i t e No. 1 2 3 4 5 
Maximum annual l i n e a r 
movement mm. 1.66 1.86 1.55 0.8 0.66 
Maximum depth of 
movement mm. 300 300 310 280 250 
Annual volumetric 
movement c m 2 a _ 1 2.49 2.80 2.43 1.16 0.85 
6.7.5 Wooden p i l l a r s 
I t was assumed t h a t the p i l l a r s move b o d i l y because 
they kept t h e i r v e r t i c a l p o s i t i o n during the study period. 
Therefore v o l u m e t r i c r a t e of movement f o r these p l o t s was. 
c a l c u l a t e d by the amount of p i l l a r movements x length of 
p i l l a r s . T h i s v a l u e c a l c u l a t e d f o r 50 mm, 100 mm and 150 mm 
at a l l sampling s i t e s ( Table 6.9). The main advantage of 
t h i s method was to provide the r a t e of creep i n the upper 
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Table 6.8a Volumetric creep r a t e s cm a~ f o r 35 Anderson's 
tubes at 5 sampling s i t e s i n study area 
\£lot No. 
Site N o>\ 
1 2 3 4 5 6 7 8 9 10 11 
1 2.49 2.62 - - 4.82 3.42 2.70 - 2.87 4.64 
2 2.80 0.90 4.20 - - - 0.85 - - 2.7 0.86 
3 2.43 - 2.35 - - 2.24 1.57 - - -
i 
4 1.16 1.31 1.06 0.80 0.87 - 1.19 1.21 2.48 4.34 -
5 0.85 - 0.91 0.93 2.82 2.62 2.85 3.56 2.96 2.77 -
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50 mm of s o i l . Furthermore, i f we take the r e s u l t of the 
50 mm p l o t as base, by s u b t r a c t i n g that from the 100 mm p l o t , 
volumetric creep r a t e s f o r the l a y e r between 50 and 100 mm 
can be determined. With t h i s procedure t h i s volume can a l s o 
be determined f o r subsequent depths(between 100 and 150 mm). 
The r e s u l t s of these c a l c u l a t i o n s are l i s t e d i n Table 6.10 
6.8 Volumetric r a t e comparison 
I n the comparison of volume t r i c movements at d i f f e r e n t 
sampling s i t e s , problems a r i s e i f the maximum depth of 
movement i n d i c a t e d by Anderson's tube i s assumed f o r a l l 
instruments, because each method r e f l e c t s v a r i a t i o n i n move-
ment with depth i n a d i f f e r e n t way ( s e e Tables 6.1, 6.3, 6.4 
and F i g u r e s 6.1, 6.3, 6.4). So f o r ease of comparison i t was 
decided to c a l c u l a t e both the annual v o l u m e t r i c r a t e of creep 
measured by each instrument f o r d i f f e r e n t depths (Table 6.11) 
and the annual volumetric r a t e of creep f o r a known depth of 
s o i l f o r which data are a v a i l a b l e f o r a l l instruments (the 
upper 15 cm of the s o i l - Table 6.12, and F i g u r e 6.11). 
However, s i n c e the readings were obtained from d i f f e r e n t 
l o c a t i o n s , d i f f e r e n c e s of r e s u l t s would be expected 
(Table 6.11). Furthermore, the instruments' accuracy a l s o 
d i f f e r e d . 
These volumetric measurements can be d i v i d e d i n t o two 
groups according to the s i t e c h a r a c t e r s i n sample s i t e s 
1, 2, 3 and sample s i t e s 4 and 5. The r a t e s of movement are 
gr e a t e r f o r the f i r s t group,i.e. samples 1,2 and 3 and l e s s f o r 
the second group i.e.samples 4 and 5 (Table 6.11 and Fi g u r e 
6.11). Anderson's tube was the only instrument i n which c a l c u l a t i o n 
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Table 6.9 Annual volumetric movements, cm 2a~ l i n 
study area (Wooden p i l l a r s ) 
Sample 
s i t e 
No. 
Depth of 
plot mm 
Volumet-
r i c move-
ment 
cm 2a _ 1 
Depth of 
plot mm 
Volumet-
r i c move-
ment 
cm2 a" 1 
Depth of 
plot mm 
Volumet-
r i c move-
ment 
cm 2a - 1 
1 50 0.86 100 1.53 150 1.89 
2 SO 1.06 100 1.73 150 2.19 
3 50 0.7 100 1.53 150 1.69 
4 50 0.5 100 0.73 150 0.79 
5 50 0.43 100 0.66 150 0.69 
Table 6.10 Volumetric r a t e of creep of c e r t a i n depth 
(Wooden p i l l a r s ) 
Sample 
s i t e No. 
Certain 
Depth 
mm 
Volumet-
r i c move-
ment 
cm 2a~ 1 
Certain 
Depth 
mm 
Volumet-
r i c move-
ment 
cm 2a" 1 
Certain 
Depth 
mm 
Volumet-
r i c move-
ment 
cm2 a" 1 
Annual 
volumet-
r i c move-
ment 
cmza"1 
1 0.0-50 0.86 50-100 0.67 100-150 0.36 1.89 
2 0.0-50 1.06 50-100 0.67 100-150 0.46 2.19 
3 0.0-50 0.7 50-100 0.83 100-150 0.16 1.69 
4 0.0-50 0.5 50-100 0.23 100-150 0.06 0.79 
5 0.0-50 0.43 50-100 0.23 100-150 0.03 • 0.69 
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fo r volumetric r a t e of creep has been made on the base of the 
pivot point ( i . e . 250-310 mm), whereas volumetric r a t e s of 
creep were made on the base of maximum depth of p l o t s used 
f o r other instruments ( i . e . R a s h i d i a n ' s technique 180-270 mm, 
Young's p i t 175-225 mm, and wooden p i l l a r s 150 mm). Note 
that the r a t e of movement d e c l i n e s with depth. On the other 
hand maximum depths of movement were not h i g h l y c o r r e l a t e d 
with creep r a t e . 
Table 6.11 A comparison of annual v o l u m e t r i c movements 
measured by each instrument f o r d i f f e r e n t 
depths i n study area "cm2 a " 1 
" Sample s i t e 
No. 
Instrument ""-— 
1 2 3 4 5 mean 
Rashi d i a n ' s 
technique 3.88 4.26 3.79 1.35 1.26 2.90 
Young's p i t 5.35 5.98 4.70 2.64 2.49 4.23 
Anderson's 
tube 
2.49 2.80 2.43 1.16 0.85 1.94 
Wooden 
p i l l a r s 1.89 2.19 1.69 0.79 0.69 1.45 
Mean 3.40 3.80 3.15 1.48 1.32 2.63 
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2 —1 
V o l u m e t r i c Movement -cm a 
W e o d t n P i l l a r s 
A n d o n o n ' t T u b * |Q 0 Q~| 
Y o u n g ' s P i t | ^ ^ ^ ^ 
Roth id ian ' i Technique J ) 
F i g . 6.11 : A comparison of annual v o l u m e t r i c movements f o r 
upper 15 cm of s o i l i n study a r e a ( a l l i n s t r u m e n t s ) . 
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Table 6.12 A comparison of annual volumetric movements 
for upper 15 cm of s o i l c m 2a - 1 i n study area 
( a l l i nstruments) 
Sample s i t e No; 
3 4 5 mean 
Rashidian's 2 g 
technique 3.02 t 
2.86 1.29 1.03 ; 2.20 i i 
Young's 
p i t 4.46 4.57 3.74 2.55 
| 
2.19 3.50 
1 
Anderson's 
tube 1.86 2.09 1.72 0.92 
i 
0.79 1.47 
Wooden 
p i l l a r s 1.89 2.19 1.69 0.79 0.69 1.45 
Mean 2.75 2.97 2.50 1.38 
i j 
1.17 1 2.15 
6.9 Comparison with other r e s u l t s 
There i s a concurrence of r e s u l t s t h at i n humid 
temperate c l i m a t e s , s u r f a c e movement i s of the order of 1-3 mm 
a - 1 and volumetric movement of 0.1-10.0 cm 2 a - 1 , 
the c a l c u l a t i o n of both l i n e a r and volumetric annual r a t e s of 
creep obtained from t h i s study allows comparison with the 
r e s u l t s of other workers. T h i s i s d i f f i c u l t because of the 
environmental d i f f e r e n c e s , the i n c o n s i s t e n c y with which 
r e s u l t s are often reported and the v a r i e t y of measurement 
techniques that have been used. T h i s comparison has been made 
i n t h i s study with due a t t e n t i o n to the f o l l o w i n g p r i n c i p l e s : 
a. Among the r e s u l t s given by s e v e r a l workers Owens (1969), 
Slaymaker (1972).Leopold and Emmett (1972), E v e r e t t (1963), 
Kojan (1967,Schumm(1964),Williams(1973),Day(1977),Sala 
(1981), Young (1960,1963a), Kirkby (1964,1967),Evans (1974), 
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F i n l a y s o n (1979) and Anderson (1977) only those obtained 
under broadly s i m i l a r geomorphological c o n d i t i o n s are 
comparable. Therefore, the r e s u l t s recorded by Young 
i n Alport Dale, a v a l l e y i n the Southern Pennines, 
Derbyshire, at 350 m a l t i t u d e , Evans i n the Upper Derwent 
v a l l e y , Derbyshire, at 305 m a l t i t u d e , Kirkby i n the 
Water of Deugh drainage b a s i n , southwest Scotland, at 
450 m a l t i t u d e , and Anderson i n the Rookhope b a s i n , 
Upper Weardale, at 427 m a l t i t u d e , are of concern. 
b. For ease i n comparison i t was decided to take j u s t 
r ecords produced f o r annual l i n e a r r a t e f o r the upper 
50 mm of s o i l . 
c. The mean value of a l l sampling s t a t i o n s produced by the 
Ras h i d i a n technique has been adopted f o r t h i s comparison 
(T a b l e 6.13). 
Table 6.13 Comparison of annual creep r a t e s obtained 
by R a s h i d i a n 1 s technique and others 
Source Method Location Climate 
i 
Rock Mtitude Creep 
m r a t e mm 
Young Surface Alport Temper- Palaeo-
(1960, and bur- Dale ate mar- z o i c sed- 350 1-2 
1963a) i e d pegs i t i m e iment aries 
Evans Surface Derwent Temper- Palaeo-
(1974) pegs V a l l e y ate mar- z o i c sed~ 305 - 0.6 
it i m e imentaries 457 
Kirkby Surface Water of Temper- Palaeo-
(1963, and bur- Deugh ate mar- z o i c 310 - 1.2 
1967) i e d pegs ba s i n i t i m e s h a l e s 480 
Ander- Tubes Rookhope Temper- Palaeo-
son and s u r - b a s i n ate mar- z o i c sed- 367 - 1.2 
(1977) f a c e i t i m e imentaries 485 
pegs 
Rashid- Buri e d K i l l h o p e Temper- Palaeo-
i a n wooden b a s i n ate mar- z o i c sed- 442 - 1.37 
(1983) b l o c k s i t i m e imentaries 620 
-267-
F u r t h e r information and data given by other workers 
( i n c l u d i n g those given i n Table 6.13) are shown i n Table 
6.14 and Fig u r e 6.12. I t can be seen that the r a t e of 
movement as measured by the Rashidian technique are c l o s e 
to the average and to those measured by Young (1963), 
Kirkby (1972), and Anderson (1975). D i f f e r e n c e s are 
expected s i n c e measurements were f o r d i f f e r e n t l o c a t i o n s 
and times. The higher creep r a t e s probably occur as a 
r e s u l t of freeze-thaw a c t i o n and might more properly be 
regarded as p e r i g l a c i a l and s o l i f l u c t i o n movements 
(Skempton & Hutchinson, 1969). 
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CHAPTER 7 
DATA ANALYSIS : CONTROLS OF LINEAR CREEP RATES 
7.1 Introduction 
S o i l creep occurs when the f o r c e s operating to move 
s o i l on a slope exceed the r e s i s t a n c e of the s o i l to 
movement. Since both t r a c t i v e f o r c e and r e s i s t a n c e vary not 
only i n space (between sampling p l o t s ) , but a l s o i n time, 
time should be regarded as an important f a c t o r i n v o l v e d i n 
the s o i l creep process (Chapter 6 ) . The remaining o b j e c t i v e 
i s the i d e n t i f i c a t i o n of the r e l a t i o n s h i p s between the b a s i n 
c o n t r o l s and the creep process. However, the main i n t e n t of 
t h i s study was to e s t a b l i s h the c o r r e l a t i o n s between creep 
r a t e and c o n t r o l l i n g v a r i a b l e s and a comparison between 
the r e s u l t s from a l l instruments f o r each sampling s t a t i o n . 
The two measures of creep r a t e , l i n e a r creep r a t e and 
volumetric creep r a t e , f o r the study area are s t r o n g l y r e l a t e d 
to each other as would be expected ( r = 0.99). Such a very 
high c o r r e l a t i o n i m p l i e s that both v a l u e s , as response 
v a r i a b l e s , are b a s i c a l l y p a r a l l e l . L i n e a r r a t e ranges from 
0.62 to 2.73 mm a - 1 with a mean of 1.49 mm a - 1 and standard 
d e v i a t i o n of 0.65. Volumetric creep r a t e ranges from 
0.80 to 4.82 c m 2 a _ 1 w i t h a mean of 2.26 cm 2a" 1 and standard 
d e v i a t i o n of 1.19. 
Measurements were made of a l l the major v a r i a b l e s 
considered c r u c i a l i n c o n t r o l l i n g s o i l creep with the exception 
of those r e l a t e d to l a r g e s c a l e c l i m a t i c d i f f e r e n c e s . C l e a r l y 
the extent of the f i e l d a r e a precludes such c l i m a t i c c o n s i d -
e r a t i o n s . I t i s r e a l i s e d t h a t other workers may produce a 
s l i g h t l y d i f f e r e n t l i s t of key v a r i a b l e s but a l i m i t a t i o n on 
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numbers must be s e t . V a r i a b l e s measured i n the f i e l d and 
laboratory were : s i n e of slope angle, a l t i t u d e , depth of 
s o i l , s o i l moisture content (dry and wet se a s o n s ) , s o i l 
t e x t u r e ( c l a y %, sand % ) , l i q u i d l i m i t , p l a s t i c l i m i t , 
p l a s t i c i t y index, shear strength, bulk d e n s i t y , dry bulk d e n s i t y , 
s p e c i f i c g r a v i t y , p o r o s i t y and void r a t i o . An attempt has 
been made to maintain a standard procedure f o r the measurement 
of v a r i a b l e s at each sampling p l o t , and between a l l t e s t s a t 
the f i v e sampling s i t e s i n the study area. For example, a l l 
s o i l samples were taken on the same date, a l l laboratory 
t e s t i n g was performed on one s o i l sample for each p l o t , and 
the same method was appli e d f o r each p a r t i c u l a r t e s t . I t i s 
only through sampling on one s p e c i f i c date that r e s u l t s f o r 
v a r i a b l e s which c o n s t a n t l y change (e.g. s o i l moisture) can 
be compared. 
For ease of understanding s o i l creep behaviour, i t was 
decided to produce: 
a. Comparison of r e s u l t s from d i f f e r e n t instruments 
used on each sampling s t a t i o n . 
b. C o r r e l a t i o n s with c o n t r o l l i n g v a r i a b l e s . 
c. C o r r e l a t i o n s with meteorological data of the region. 
d. I n t e r r e l a t i o n s h i p s between c o n t r o l l i n g v a r i a b l e s and 
Anderson's tube r a t e s . 
e. D i s c u s s i o n of v a r i a b l e s c o n t r o l l i n g s o i l creep r a t e s . 
F i n a l l y , as a check, c e r t a i n measurements were made 
at the end of a f u r t h e r ten months (October 1982 - March 1983) 
for R ashidian's technique. These measurements were not 
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included i n the d e t a i l e d a n a l y s i s , f o r these reasons: 
( i ) They were incomplete : only 3 s i t e s were t o t a l l y 
i n t a c t and t h i s would not have allowed complete 
comparison. 
( i i ) They r e l a t e to j u s t ten months and comparable 
s e a s o n a l r a t e s cannot be c a l c u l a t e d . 
7.2 Comparisons between instruments 
7.2.1 C o r r e l a t i o n s between annual r a t e s from four 
d i f f e r e n t instruments 
Annual creep r a t e s measured by a l l instruments 
( i . e . R ashidian's technique, Young's p i t , Anderson's tube 
and wooden p i l l a r s ) are compared with each other. T h i s 
i l l u s t r a t e s aspects of the v a r i a b i l i t y which depend upon 
f i e l d measurement. 
The c o r r e l a t i o n matrix r e v e a l e d that the r e s u l t s from 
a l l the instruments are s t r o n g l y c o r r e l a t e d with each other. 
(Table 7.1). Although the number of observations of average 
annual creep r a t e s i s s m a l l , the c o r r e l a t i o n s are d e f i n i t e l y 
s i g n i f i c a n t and the c o n s i s t e n c y between instruments i s 
r e a s s u r i n g l y high. 
Table 7.1 C o r r e l a t i o n c o e f f i c i e n t s between a l l four 
instruments i n f i v e sampling s t a t i o n s 
(n = 5. S i g n i f i c a n c e l e v e l : 95% = 0.88; 99% = 0.96) 
V a r i a b l e s R.T Y.P A.T W.P 
R.T. Rashidian's technique 1.00 
Y.P Young's p i t 0.98 1.00 
A.T Anderson's tube 0.99 0.99 1.00 
W.P Wooden p i l l a r s 0.98 0.99 0.99 1.00 
7.2.2 C o r r e l a t i o n s between seasonal r a t e s from 
Rashidian's technique and annual r a t e s from 
t h i s and three other instruments at f i v e 
sampling s t a t i o n s 
The measurements f o r three seasons ( i . e . from November 
1980 to May 1982) by the Rashidian technique are compared 
with the annual r a t e measured by the same technique and three 
other instruments, a l l used at f i v e sampling s t a t i o n s . The 
c o r r e l a t i o n c o e f f i c i e n t s r e p r e s e n t strong r e l a t i o n s h i p s ; f o r 
Rashidian's technique r = 0.87, Young's p i t r = 0.84, 
Anderson's tube r = 6.86, and wooden p i l l a r s r = 0.85. 
(s c a t t e r g r a m F i g u r e s 7.1a, b and 7.2 a,b) f o r n = 15, 
s i g n i f i c a n c e l e v e l s are 0.51 ( 9 5 % confidence) and 0.64 ( 9 9 % ) . 
I t was rev e a l e d t h a t : 
i . Such strong c o r r e l a t i o n s between s e a s o n a l creep r a t e s 
obtained by the four instruments i n d i c a t e that the 
instruments are measuring the same phenomenon. 
i i . Maximum creep r a t e s recorded by Rashidian's technique 
f o r w i n t e r 1981 c o i n c i d e with those recorded by the 
other instruments f o r w i n t e r 1981. 
i i i . Higher creep r a t e v a l u e s were recorded by a l l 
instruments observed a t sampling s t a t i o n No.2, 1 
and 3 and lower v a l u e s f o r sampling s t a t i o n No. 4 
and 5. 
i v . Lack of data f o r middle v a l u e s of creep r a t e s i s 
exp l a i n e d by the l i m i t e d number of sampling s i t e s 
and t h e r e f o r e range of s o i l m a t e r i a l . 
v. An i n t e r e s t i n g point i s the great absolute range of 
creep r a t e values between summer and win t e r 1981 f o r 
sampling s t a t i o n s Nos. 1, 2, 3 compared w i t h 4 and 5. 
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F i g . 7.2 Scattergram showing c o r r e l a t i o n s between creep 
r a t e s obtained by Rashidian's technique' 
f o r three seasons and annual creep r a t e s 
obtained by a. Anderson's tube, b. Wooden 
p i l l a r s . 
I t must be borne i n mind t h a t the s o i l depth 
s u s c e p t i b l e to movement at sampling s t a t i o n s Nos.1,2, and 
3 was greate r than that at sampling s t a t i o n s 4 and 5. 
Also vegetation cover at sampling s t a t i o n s 1 and 2 
was C a l l u n a v u l g a r i s at sampling s t a t i o n 3 was 
Festuca ovina and at sampling s t a t i o n 4 and 5, Poa 
p r a t e n s i s was dominant. 
C o r r e l a t i o n s with c o n t r o l l i n g v a r i a b l e s 
7.3.1 C o r r e l a t i o n s between annual creep r a t e s (from 
four Instruments) and s i x t e e n c o n t r o l l i n g 
v a r i a b l e s 
The annual creep r a t e s measured by a l l four instruments 
at the f i v e sampling s t a t i o n s are c o r r e l a t e d w ith a l l v a r i a b l e s 
i n t u r n (n = 5 ) . T h i s provides a p i c t u r e f o r annual creep r a t e s . 
The c o r r e l a t i o n s between annual l i n e a r creep r a t e s obtained 
by Rashidian's technique, Young's p i t , Anderson's tubes, 
Wooden p i l l a r s and the s e t of s i x t e e n c o n t r o l l i n g v a r i a b l e s 
are given i n Table 7.2. 
The s t r o n g e s t p o s i t i v e c o r r e l a t i o n s are with s o i l depth. 
The negative c o r r e l a t i o n s are with p l a s t i c i t y index, bulk 
d e n s i t y , dry dens i t y and shear s t r e n g t h . 
These r e l a t i o n s h i p s are shown i n Table 7.2 and F i g u r e s 
7.3 to 7.18. The key symbols used a t s c a t t e r p l o t s f o r 
instruments are as fo l l o w s : 
Rashidian Technique © 
Young's p i t & 
Anderson's tube + 
Wooden p i l l a r s v 
v i . 
7.3 
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Table 7.2 Correlation c o e f f i c i e n t s between annual creep rate: 
obtained by four instruments and sixteen variables 
at 5 sampling stations, (n = 5 : significance 
levels : 95%, 0.88; 99%, 0.96) 
" " — — n s t rumen t 
Variables ~ •— R.T. Y.P. A.T. W.P. 
Sine of slope angle 0.05 0.10 0.09 0.03 
So i l depth cm 0.89 0.83 0.88 0.82 
Moisture content% (wet 
season) 
0.52 0.40 0.49 0.44 
Moisture content% (dry 
season) 
0.45 0.33 0.42 0.37 
Organic matter% (loss i n 
i g n i t i o n ) 
0.65 0.59 0.63 0.62 
Clay% -0.29 -0.22 -0.28 -0.27 
Sand% 0.05 -0.08 0.01 -0.23 
Bulk density mg/m3 -0.57 -0.58 -0.57 -0.61 
Dry bulk density mg/m3 -0.55 -0.54 -0.55 -0.57 
Porosity% 0.38 0.28 0.36 0.31 
Void r a t i o % 0.39 0.27 0.36 0.31 
Liquid l i m i t 0.12 0.30 0.17 0.28 
Pl a s t i c l i m i t 0.65 0.75 0.69 0.72 
P l a s t i c i t y index -0.65 -0.62 -0.66 -0.60 
Shear strength KN/m2 0.25 0.21 0.22 0.21 
Specific gravity -0.45 -0.30 -0.41 -0.34 
R.T. Rashidian's Technique 
Y.P. Young's P i t 
A.T. Anderson's Tubes 
W.P. Wooden P i l l a r s 
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Fig. 7.3 : Scatter p l o t : Linear creep rate (four 
instruments) and sine of slope angle. 
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Fig. 7.4 : Scatter p l o t : Linear creep rate (four 
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Fig. 7.5 : Scatter p l o t : Linear creep rate (four 
instruments) and s o i l moisture (wet season). 
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Fig. 7 . 7 : Scatter p l o t : Linear creep rate (four instruments) 
and organic matter. 
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Fig. 7.8 : Scatter p l o t : Linear creep rate (four 
instruments) and percentage of clay. 
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Fig. 7 . 9 : Scatter p l o t : Linear creep rate (four instruments) 
and percentage of sand. 
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Fig. 7.10 : Scatter p l o t : Linear creep rate (four 
instruments) and bulk density. 
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Fig. 7.11 : Scatter p l o t : Linear creep rate (four 
instruments) and dry bulk density. 
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Fig. 7.12 : Scatter p l o t : Linear creep rate (four 
instruments) and porosity. 
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Fig. 7.13 : Scatter plots : Linear creep rate (four 
instruments) and void r a t i o . 
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Fig 7.14 : Scatter p l o t : Linear creep rate (four 
instruments) and l i q u i d l i m i t . 
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Fig. 7.15 : Scatter p l o t : Linear creep rate (four 
instruments) and p l a s t i c l i m i t . 
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Fig. 7.16 : Scatter p l o t : Linear creep rate (four 
instruments) and p l a s t i c i t y index. 
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Fig. 7.17 : Scatter pl o t : Linear creep rate (four 
instruments) and shear strength. 
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7.3.2 Correlations between the meteorological data 
of the region (Moor House) and a p r o f i l e of 
creep rate wi th depth (Rashidian's technique). 
The Young's p i t and the Rashidian technique are both 
capable of producing a p r o f i l e of s o i l movement wi th depth. 
Strong corre la t ions between the resul ts obtained by both 
techniques ( r = 0.98) permitted one of these to be selected 
f o r analysis . Rashidian's technique was selected because 
there are monthly readings f o r 18 months whereas there i s 
not more than one reading f o r the Young's p i t s . 
From the meteorological f ac to r s ; maximum monthly 
temperature; minimum monthly temperature; mid-monthly 
temperature; mean monthly earth temperature (30 cm, 9.0 am); 
monthly r a i n f a l l , days of snow l y i n g and days o f ground f r o s t 
were taken f o r ca lcu la t ion and analysis . (Table 5-20) 
Among these, minimum temperature, earth temperature 
and f r o s t (days) were found to be the most important fac tors 
c o n t r o l l i n g creep rates . 
I t should be borne i n mind that vegetation, l i k e 
snow cover, provides an in su la t ion layer between the 
atmosphere and the ground surface and therefore modifies 
the heat exchanges between them. Also, because of the large 
v a r i a b i l i t y i n vegetation type and s o i l propert ies and t h e i r 
observed influences on s o i l temperatures, the assessment of 
rates and depths of penetration of f reez ing and thawing i s 
not easy. 
The p l o t sections range from 30 mm to 270 mm below 
the s o i l surface w i t h a reading i n t e r v a l of 30 mm. Table 7.3 
gives co r re l a t ion c o e f f i c i e n t s between monthly minimum 
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temperature and p r o f i l e of creep rates w i t h depth. 
The strongest corre la t ions between creep rate and 
minimum temperature were found f o r sampling s t a t i on N o . l 
at 90 mm ( r = 0.58) , sampling s t a t ion No.2 at 240 mm 
( r = 0.74) , sampling s t a t i on No.3 at 210 mm ( r = 0.73) , 
sampling s t a t i on No. 4 at 150 mm ( r = 0 .59) , and sampling 
s t a t i on No.5 at 90 mm ( r = -0 .63) , 
Table 7.3 Correla t ion coef f i c ien t s between monthly minimum 
temperature and p r o f i l e of creep rates wi th depth. 
(Rashidian's technique). N = 12 s ign i f icance l e v e l : 
95% = 0.57; 99% = 0.70. 
Site N o > « ^ 30 60 90 120 150 180 210 240 270 
1 -0.54 -0.56 -0.58s -0.55 -0.44 -0.40 -0.44 -0.35 -0.37 
2 -0.40 -0.49 -0.64 -0.70 -0.65 -0.68 -0.66 -0.7l -0.58 
3 -0.58 -0.58 -0.61 -0.69 -0.72 -0.67 -0.7S -0.72 -
4 -0.32 -0.51 -0.52 -0.56 -0.5? -0.47 - - -
5 -0.53 -0.50 -0.6^ -0.50 -0.35 -0.35 -0.49 - -
* Maximum correlation for each s i te . 
- 2 9 8 -
In the case of earth temperature, moderately strong 
negative corre la t ions f o r sampling s ta t ions 1, 2, 3, 4 and 
5 respect ively were found at 120 mm depth ( r = 0.56), 
120 mm ( r = 0.71), 240 mm ( r = -0 .76 ) , 120 mm ( r = -0 .58) , 
90 mm ( r = -0 .62 ) , Table 7.4. 
High cor re la t ions between creep rates and s o i l 
temperature occurred at depths of 90 - 120 mm from the 
surface f o r sampling s i tes 1, 2, 4, 5 wi th depths of 
300, 300, 280 and 250 mm of s o i l depth susceptible to creep. 
The strongest co r re la t ion f o r sampling s i t e No.3 wi th 310 mm 
of s o i l depth was found at the lower section (210 mm). This 
revealed a re la t ionsh ip between earth temperature and s o i l 
depth susceptible to movement. In Table 7.4 the maximum 
cor re l a t ion f o r each s t a t ion has been i d e n t i f i e d by *. 
Figs . 7.19 - 7.23 represent the highest co r re l a t ion between 
creep rate and earth temperature f o r each s i t e . 
- 2 9 9 -
Table 7.4 Corre la t ion coef f ic ien t s between mean monthly 
earth temperature (0.3 m, 0.900) and p r o f i l e of 
creep rates wi th depth (Rashidian's technique) 
N = 12^significance l eve l : 95% = 57; 99% = 70 
^ ^ D e p t h mm 
Site N c ^ ^ ^ 30 60 90 120 150 180 210 
240 270 
1 -0.53 -0.54 -0.54 -0.5^ -0.45 -0.39 -0.49 -0.40 -0.38 
2 -0.38 -0.48 -0.64 
* 
-0.71 -0.65 -0.66 -0.64 -0.69 -0.62 
3 -0.59 -0.60 -0.63 -0.71 -0.74 -0.72 -0.7^ -0.33 -
4 -0.29 -0.52 -0.53 -0.58* -0.48 -0.39 - - -
5 -0.58 -0.54 -0.62* -0.51 -0.32 -0.32 -0.51 - -
* Maximum correlation for each site 
Frost days had s i g n i f i c a n t corre la t ions w i t h the p r o f i l e 
of creep ra tes . McGaw (1972) invest igated the inf luence of 
depth to the water table on the rate of f r o s t heave f o r given 
rates of f r o s t penetra t ion. His resul t s c l ea r ly i l l u s t r a t e 
that f r o s t heaving i s reduced as the depth of the water table 
i s increased. I t was found i n t h i s study that the co r r e l a t i on 
between creep rate and f r o s t days has a strong re la t ionsh ip 
wi th the s o i l moisture content. 
The strongest co r re l a t ion between creep rates and f r o s t 
days i s shown by sampling s i t es No. 2 and 3 ( r = 0.75 and 
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Fig . 7.19 : Scatter p l o t of monthly creep rates and 
mean monthly earth temperature f o r sampling 
s i t e No.5 at 90 mm depth (maximum c o r r e l a t i o n ) . 
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Fig . 7.20 : Scatter p l o t of monthly creep rates and mean 
monthly earth temperature f o r sampling s i t e 
No . l at 120 mm depth (maximum c o r r e l a t i o n ) . 
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Fig . 7.21 : Scatter p l o t of monthly creep rates and mean 
monthly earth temperature f o r sampling s i t e 
No.2 at 120 mm depth (maximum c o r r e l a t i o n ) . 
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Fig . 7.22 : Scatter p l o t of monthly creep rates and mean 
monthly earth temperature f o r sampling s i t e 
No.4 at 120 mm depth (maximum c o r r e l a t i o n ) . 
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F i g . 7.23 : Scatter p l o t of monthly creep rates and mean 
monthly earth temperature f o r sampling 
s i t e No.3 at 210 mm depth (maximum c o r r e l a t i o n ) . 
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0.70) f o r 240 mm and 210 mm depth, Table 7.5. The maximum 
s o i l moisture contents were also found on s i t es 3 and 2 
(190 and 104 per cent) whereas a less s i g n i f i c a n t c o r r e l -
a t ion was shown by sampling s i t es 1 and 5 ( r = 0.62 and 0.57) 
both f o r 90 mm depth, wi th 48 and 49 per cent s o i l moisture 
content. This supports McGaw's r e su l t s . Figs. 7.24 - 7.28 
represent the highest co r re l a t ion between creep rate and 
f r o s t days f o r each s i t e . 
Table 7.5 Correla t ion coefficientsbetween monthly f r o s t 
days and p r o f i l e of creep fa tes wi th depth 
(Rashidian's technique) N = 12 s ign i f i cance 
l e v e l : 95% = 5 7 ; 99% = 70~ 
^Etepth ran 
Site N o : ^ ^ ^ 30 60 90 120 150 180 210 240 270 
1 0.53 0.57 0.626 0.56 0.52 0.47 0.43 0.31 0.42 
2 0.40 0.50 0.66 0.70 0.66 0.71 0.67 
* 
0.75 0.58 
3 0.55 0.57 0.60 0.65 0.67 0.64 
* 
0.70 0.30 -
4 0.36 0.47 0.52 0.54 0.6? 0.53 - - -
5 0.44 0.44 0.5? 0.44 0.32 0.32 0.43 - -
* Maximum cor re la t ion f o r each s i t e 
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F i g . 7.24 Scatter p l o t of monthly creep rates and 
f r o s t days at sampling s i t e No.5 f o r 
90 mm depth (maximum c o r r e l a t i o n ) . 
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Fig . 7.25 Scatter p l o t of monthly creep rates and 
f r o s t days at sampling s i t e No. 4 f o r 
150 mm depth (maximum cor re l a t ion ) 
-308-
25.0 
22.5 
2Q.0 
17:5. 
15;0-
12.5. 
1 0 ^ 
7;5' 
5:0. 
2.5. 
o.o-
QD 
I 
0.0 
o 
o 
o 
o 
0.25 0.50 0.75 
~l 
0.10 
o 
o 
T 1 
0.125 0.150 0.175 0.20 
Creep rate nnr 
Fig . 7.26 : Scatter p l o t of monthly creep rates and 
f r o s t days at sampling s i t e No.3 f o r 210 mm 
depth (maximum c o r r e l a t i o n ) . 
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F i g . 7.27 : Scatter p l o t of monthly creep rates 
and f r o s t days at sampling s i t e No.2 f o r 
240 mm depth (maximum c o r r e l a t i o n ) . 
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F i g . 7.28 : Scatter p lo t of monthly creep rates and f r o s t 
days at sampling s i t e N o . l f o r 90 mm depth 
(maximum c o r r e l a t i o n ) . 
7.3.3 C o r r e l a t i o n between volumetric creep r a t e s 
from Anderson's tubes (35 p l o t s ) and 
f i f t e e n c o n t r o l l i n g v a r i a b l e s 
L i n e a r and volumetric creep r a t e s measured by the 
Anderson's Tubes have been c o r r e l a t e d w ith the c o n t r o l l i n g 
v a r i a b l e s over 35 p l o t s . The s t r o n g e s t c o r r e l a t i o n s 
(above 0.38 i n magnitude) are with s o i l depth, s o i l moisture 
content (dry and wet s e a s o n s ) , void r a t i o , p o r o s i t y and 
shear s t r e n g t h ( n e g a t i v e ) . The c o r r e l a t i o n s with s i n e of slope 
angle stand out as the weakest observed ( r = 0.02, 0.022). 
From these c o r r e l a t i o n s i t follows that the b i v a r i a t e 
r e g r e s s i o n s f o r s e v e r a l c o n t r o l l i n g v a r i a b l e s have r 2 v a l u e s 
of 0.50 to 0.86. 
For the s i n e of the slope angle ( F i g . 7.30) no observ-
able p a t t e r n can be seen, with an even s c a t t e r throughout the 
range of t h i s independent v a r i a b l e . F i g u r e 7.31 shows a 
very strong l i n e a r trend, with no observed p a t t e r n i n the 
r e s i d u a l s . Therefore a l i n e a r r e l a t i o n s h i p with s o i l depth 
seems a good summary. The r e s t r i c t e d range of the independent 
v a r i a b l e - i n d i c a t e d by a standard d e v i a t i o n of 3.23^can 
somewhat l i m i t the p r e d i c t i v e power of t h i s model outside the 
present data s e t . I n p a r t i c u l a r , a l i n e a r r e l a t i o n s h i p 
p r e d i c t s no movement f o r s o i l s h a l l o w e r than 36 cm : the f u l l 
r e l a t i o n s h i p i s probably concave up on t h i s p l o t . 
The s t r o n g c o r r e l a t i o n s with s o i l moisture content 
(wet and dry season) i n d i c a t e t h a t w e t t e r p l o t s produce much 
higher creep r a t e s . Stronger c o r r e l a t i o n s between volumetric 
creep r a t e s and wet season moisture content ( r = 0.51) i n 
comparison with dry season moisture content ( r = 0.47) i n d i c a t e 
that when t o t a l s a t u r a t i o n i s reached s o i l creep i s at 
maximum and t h i s r e f l e c t s the i n f l u e n c e of higher s o i l 
moisture content. On Figures 7.32 and 7.33 two o u t l i e r s 
were observed f o r p l o t s 5 and 10 sampling s i t e No. 1 with 
low moisture content and high creep r a t e s . These may be 
accounted f o r by s p e c i f i c 'on s i t e ' c o n d i t i o n s . (Three of 
f i v e p l o t s l o c a t e d on the same slope were d i v e r s e l y moved. 
I t was assumed t h a t t h i s has been caused by processes other 
than c r e e p ) . 
There seems to be a s u b s t a n t i a l d i f f e r e n c e i n the 
behaviour of i n o r g a n i c and organic s o i l s , e s p e c i a l l y above 
30% organic matter. Figure 7.34 shows a l i n e a r trend with a 
l a r g e s c a t t e r of r e s i d u a l s at low o r g a n i c % . Other granul-
ometric p r o p e r t i e s of the s o i l matrix are c l e a r l y important, 
e s p e c i a l l y a t low organic per cent v a l u e s where e i t h e r high 
c l a y per cent or high sand per cent may dominate. S c a t t e r p l o t 
F i g u r e 7?4 has a l s o two c l e a r o u t l i e r s which are s i m i l a r 
to those on the s c a t t e r p l o t s F i g u r e s 7.32 and 7.33. 
A negative c o r r e l a t i o n between creep r a t e s and c l a y 
per cent and p o s i t i v e c o r r e l a t i o n with sand per cent i n d i c a t e 
that the a b i l i t y of s o i l to r e s i s t displacement i s dependent 
on the proportion of c l a y and sand. Clay and sand have the 
opposite e f f e c t on creeping s o i l s . The c o r r e l a t i o n s between 
volumetric creep r a t e s and c l a y per cent ( r = 0.35) and sand 
per cent ( r = 0.37) are shown i n s c a t t e r p l o t s Figure 7.35 and 
7.36 with two obvious o u t l i e r s r e v e a l s high r e s i d u a l s at 
low c l a y per cent with s c a t t e r p l o t F i g u r e 736. There i s no 
c o n s i s t e n t p a t t e r n to the r e s i d u a l s . ( P a r t i c l e s i z e a n a l y s i s 
could not be r e l i a b l y performed on peaty s o i l s (> 62% organic 
m a t t e r ) , t h e r e f o r e , s c a t t e r p l o t s represented i n t h i s study are 
on the b a s i s of 27 p l o t s ) . 
Obviously, there i s no strong r e l a t i o n s h i p between 
creep r a t e s and s o i l d e n s i t y (bulk density and dry bulk 
d e n s i t y ) . Omitting o u t l i e r s , there appears to be a r e l -
a t i v e l y strong negative r e l a t i o n s h i p . The c o r r e l a t i o n 
c o e f f i c i e n t with dry bulk density i s stronger than t h a t f o r 
bulk d e n s i t y , as water holding c a p a b i l i t y i s removed from the 
v a r i a b l e . R e l a t e d to the s o i l m a t e r i a l s , p l o t s are s c a t t e r e d 
i n two groups : organic with low bulk d e n s i t y ranged from 
0.98 to 1.35 mg/m3 with high creep r a t e s , and i n o r g a n i c 
ranged from 1.45 to 2.05 mg/m3 with lower creep r a t e s , 
(two o u t l i e r s are omitted), ( s c a t t e r p l o t s F i g u r e s 7.37 and 7.38). 
I t would be expected t h a t the most compact s o i l s would have the 
g r e a t e s t i n t e r n a l f r i c t i o n and thus move l e s s . 
Po r o s i t y and void r a t i o have p o s i t i v e r e l a t i o n s h i p s 
with creep r a t e s , r = 0.41 f o r p o r o s i t y and r = 0.44 f o r 
vo i d r a t i o . Such r e l a t i o n s h i p s i n d i c a t e t h a t s o i l s with the 
l a r g e s t proportion of p o r o s i t y and voids show the h i g h e s t 
r a t e s of creep ( s c a t t e r p l o t s Figure 7.39 and 7.40). ( T h i s 
f a c t o r has not been e m p i r i c a l l y r e c o g n i s e d ) . 
I n c o n t r a s t to p l a s t i c l i m i t with a weak and i n s i g n i f i c a n t 
p o s i t i v e r e l a t i o n with creep r a t e s ( r = 0.33) l i q u i d l i m i t has 
a n e g l i g i b l e p o s i t i v e c o r r e l a t i o n ( r = 0.13). T h i s i n d i c a t e s 
t hat creep behaviour i s more s e n s i t i v e to p l a s t i c l i m i t than 
l i q u i d l i m i t . The two ' o u t l i e r s ' appearing on s c a t t e r p l o t s 
( F i g u r e s 7.41, 7.42 and 7.43)are the same o u t l i e r s as i n other 
s c a t t e r p l o t s , ( i . e . F i g u r e s 7.32, 7.33 and 7.34.) 
The negative c o r r e l a t i o n between creep r a t e and 
p l a s t i c i t y index i n d i c a t e s that organic s o i l s have the lowest 
p l a s t i c i t y index. Thus only very s m a l l d i f f e r e n c e s i n moisture 
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content separate p l a s t i c and l i q u i d behaviour. S o i l s with 
low p l a s t i c i t y i n d i c e s show the h i g h e s t creep r a t e s 
( s c a t t e r p l o t F i g . 7.43), but some of them a l s o have low r a t e s . 
( I t should be noted that the l i q u i d l i m i t , p l a s t i c l i m i t , 
and p l a s t i c i t y index t e s t s could not be r e l i a b l y performed 
s a n d y and 
on s e v e r a l of t h e A p e a t y samples. Therefore s c a t t e r p l o t s 
are on the basis of 27 p l o t s ) . 
A negative c o r r e l a t i o n between creep r a t e s and shear 
s t r e n g t h ( r = -0.39) as expected, i n d i c a t e s that s o i l s with 
high shear s t r e n g t h are more r e s i s t a n t to creep. A l l s o i l s 
w i t h low values of shear s t r e n g t h have a high proportion of 
organic matter and a high moisture content, and are, t h e r e f o r e , 
more s u s c e p t i b l e to creep; s o i l s with high proportions of 
c l a y are more coherent with high v a l u e s f o r shear s t r e n g t h , 
and are r e s i s t a n t to creep. The two o u t l i e r s i n s c a t t e r 
p l o t Figure 7.44 again appear. The c o r r e l a t i o n c o e f f i c i e n t s 
between annual creep r a t e s ( l i n e a r and v o l u m e t r i c ) and 
c o n t r o l l i n g v a r i a b l e s are shown i n Table 7.6. 
The appearance of two anomalous ' o u t l i e r s ' ( p l o t s 
No.5 and No.10 at sampling s i t e No.l) i n most of s c a t t e r p l o t s , 
suggests that s o i l movement i n these p l o t s occurred not only by 
the s e a s o n a l creep process, but another process has e f f e c t i v e l y 
been involv e d (probably slump). No i n d i c a t i o n of any other 
disturbance was found f o r these p l o t s . 
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F i g . 7.30 : Volumetric creep r a t e s and s i n e of slope angle. 
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F i g . 7.31 : Volumetric creep r a t e s and s o i l depth 
s u s c e p t i b l e to movement. 
-317-
8. 
in 
8 
<X-LU 
>-§ 
JZ 
u 
GL Ul LU PS -J o > 
+ 
+ 
81 > 
+ 
+ + + + + + + + * 
+ + 
+ 
+ 
H 1 §. . . . . •
^.00 125.00 250.00 375.00 500.00 625.00 SOIL MOISTURE % 
F i g . 7.32 : Volumetric creep r a t e s and s o i l moisture 
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F i g . 7.33 : Volumetric creep r a t e s and s o i l moisture 
content (dry season). 
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F i g . 7.34 : Volumetric creep r a t e s and s o i l organic matter. 
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F i g . 7.35 : Volumetric creep r a t e s and s o i l 
t e x t u r e ( c l a y % ) . 
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F i g . 7,36 : Volumetric creep r a t e s and s o i l t e x t u r e ( s a n d % ) . 
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F i g . 7.37 : Volumetric creep r a t e s and bulk d e n s i t y . 
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F i g . 7.38 : Volumetric creep r a t e s and dry bulk d e n s i t y . 
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F i g . 7.39 : Volumetric creep r a t e s and p o r o s i t y . 
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F i g . 7.40 : Volumetric creep r a t e s and void r a t i o . 
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F i g . 7.41 : Volumetric creep r a t e s and p l a s t i c l i m i t . 
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F i g . 7.42 : Volumetric creep r a t e s and l i q u i d l i m i t . 
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F i g . 7.43 : Volumetric creep r a t e s and p l a s t i c i t y index. 
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Table 7.6 C o r r e l a t i o n c o e f f i c i e n t s between annual creep 
r a t e s and c o n t r o l l i n g v a r i a b l e s 
( S i g n i f i c a n c e l e v e l , 95% =0.38; 99% = 0.49) 
V a r i a b l e L i n e a r Volumetric 
creep r a t e creep r a t e 
- I a - i mm a cm a 
1. Sine of slope angle 0.02 0.02 
2. S o i l depth Cr> 0.92 0.94 
3. S o i l moisture% 
(wet season) 0.52 0.51 
4. S o i l moisture% 
(dry season) 0.49 0.47 
5. Organic matter% 
( l o s s on i g n i t i o n ) 0.34 0.34 
6. C l a y % -0.38 -0.35 
7. Sand% 0.38 0.37 
8. Bulk d e n s i t y Mg/m3 -0.14 -0.12 
9. Dry d e n s i t y Mg/m3 -0.20 -0.19 
10. P o r o s i t y % 0.42 0.41 
11. Void r a t i o % 0.45 0.44 
12. L i q u i d l i m i t 0.15 0.13 
13. P l a s t i c l i m i t 0.35 0.33 
14. P l a s t i c i t y index -0.38 -0.37 
2 
15. Shear s t r e n g t h KA//w -0.40 -0.39 
CR = V o l u m e t r i c creep r a t e cm a LL : L i q u i d l i m i t 
SD = Soil, depth cm SS = Sine o f s l o p e 
WM = S o i l m o i s t u r e % (wet season) BD = Bulk d e n s i t y 
DM = S o i l m o i s t u r e ^ ( d r y season) DB = Dry b u l k d e n s i t y 
VO = Void r a t i o CL = C l a y % 
PO = P o r o s i t y PI = P l a s t i c i t y i n d e x 
SA = Sand% SH = Shear s t r e n g t h 
OR = O r g a n i c % 
PL = P l a s t i c l i m i t 
SH W M 
Q P I DM 
• • 5 1 
0^ 
© CR 19 • • 4 1 
12 
9f B D • 1 3 • ' 3 3 
0 @6 
F i g . 7.45 : A p o r t r a i t of c o r r e l a t i o n between creep r a t e and 
f i f t e e n p o s s i b l e p o n t r o l l i n g v a r i a b l e s i n the 
study area. Stronger c o r r e l a t i o n s are at the top 
p o s i t i v e c o r r e l a t i o n s are on the r i g h t . 
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7.4 I n t e r r e l a t i o n s h i p s between p o s s i b l e c o n t r o l s 
The r e l a t i o n s h i p s between the v a r i a b l e s measured at 
each p l o t w i t h i n the study area can be d i s p l a y e d i n a 
c o r r e l a t i o n matrix. T h i s i s expressed by Pearson's product 
moment c o r r e l a t i o n c o e f f i c i e n t s . See Table 7.7 and Figure 7.46. 
With a sample s i z e of n = 27, c o r r e l a t i o n s above -0.38 
are s i g n i f i c a n t at the 95% confidence l e v e l ( t he chance that 
they could be produced by random s e l e c t i o n from a population 
with zero c o r r e l a t i o n i s l e s s than 5 % ) , and those s t r o n g e r 
than -0.48 are s i g n i f i c a n t a t the 99% confidence l e v e l . 
A core group of seven v a r i a b l e s i s s t r o n g l y i n t e r -
c o r r e l a t e d . For s i x of these a l l i n t e r c o r r e l a t i o n s exceed 
-0.68 : these are p o r o s i t y , void r a t i o , moisture content 
(dry and wet s e a s o n s ) , o r g a n i c matter ( a l l p o s i t i v e i n t e r -
c o r r e l a t e d ) and dry d e n s i t y and bulk d e n s i t y ( n e g a t i v e l y 
c o r r e l a t e d with the other f o u r ) . Shear s t r e n g t h i s a l s o 
c o r r e l a t e d -0.50 or b e t t e r with each of the seven v a r i a b l e s . 
Two f u r t h e r v a r i a b l e s , p l a s t i c l i m i t and l i q u i d 
l i m i t , which c o r r e l a t e +0.83 with each other are on the f r i n g e 
of t h i s main group i n that p l a s t i c l i m i t i s s i g n i f i c a n t l y 
c o r r e l a t e d with moisture content, o r g a n i c matter, bulk d e n s i t y , 
dry d e n s i t y and s h e a r s t r e n g t h , with four c o r r e l a t i o n s 
+ 
exceeding -0.55. T h i s core group, then, r e p r e s e n t s s o i l 
looseness, p l a s t i c i t y and moisture content, and i n c l u d e s 
s e v e r a l v a r i a b l e s which are simply d i f f e r e n t ways of 
measuring the same t h i n g . The l o o s e r , wetter, l e s s 
r e s i s t a n t s o i l s are a l s o deeper. 
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Another two v a r i a b l e s , c l a y % and sand% are s t r o n g l y 
n e g a t i v e l y c o r r e l a t e with each other and form an 'outer 
f r i n g e ' i n being c o r r e l a t e d s i g n i f i c a n t l y w ith four v a r i a b l e s , 
of the ten mentioned so f a r : but these c o r r e l a t i o n s are 
only moderate and n e i t h e r v a r i a b l e c o r r e l a t e s s i g n i f i c a n t l y 
with o r g a n i c matter and d e n s i t y . C l a y ' s only other notable 
c o r r e l a t i o n i s w i t h shear s t r e n g t h (+0.32, which i s below the 
95% s i g n i f i c a n c e t h r e s h o l d ) . 
F i n a l l y , the s i n e of the slope angle and p l a s t i c i t y 
index tend to be the weaker v a r i a b l e s c o r r e l a t e d with the 
others. The s i n e of the slope angle's s t r o n g e s t r e l a t i o n -
s h i p s are 0.46 with bulk d e n s i t y , -0.45 with moisture content 
(wet season) and organic matter. P l a s t i c i t y ' s s t r o n g e s t 
r e l a t i o n s h i p s are -0.46 with p l a s t i c l i m i t , -0.43 with 
p o r o s i t y and -0.40 with v o i d r a t i o . 
The g e n e r a l p a t t e r n , then i s of a core of c l o s e l y - k n i t 
v a r i a b l e s , w ith f r i n g e fading i n t o a chain of v a r i a b l e s with 
mainly weak c o r r e l a t i o n s . 
The main conc l u s i o n s from t h i s c o r r e l a t i o n a n a l y s i s a r e : 
I f we look at the s t r o n g e s t c o r r e l a t i o n s ( r = 0.48) between 
the v a r i a b l e s we can f i n d a c l u s t e r of v a r i a b l e s c l o s e l y 
r e l a t e d to each other (Table 7.7 F i g . 7.46 ) , s o i l moisture 
content (wet and dry se a s o n s ) , o r g a n i c matter, p o r o s i t y , 
v o i d r a t i o and s o i l d e n s i t y . Wetter s o i l s tend to be deeper, 
and deeper s o i l s tend to be more porous. Also denser s o i l s 
tend to be more r e s i s t a n t ( h i g h e r shear s t r e n g t h ) . The 
stro n g but negative r e l a t i o n s h i p between c l a y per cent and 
s o i l moisture content; bulk d e n s i t y , dry bulk d e n s i t y and 
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l i q u i d l i m i t and p l a s t i c l i m i t , a l s o bulk d e n s i t y , dry bulk 
d e n s i t y and p o r o s i t y and void r a t i o and between shear 
s t r e n g t h and p o r o s i t y and void r a t i o r e v e a l e d that the 
f o l l o w i n g r e l a t i o n s occur: 
i . Higher moisture content with l e s s c l a y per cent. 
i i . Denser s o i l s with low p l a s t i c l i m i t , low l i q u i d 
l i m i t and low proportion of p o r o s i t y and v o i d s . 
i i i . High shear strength with low p o r o s i t y and v o i d r a t i o . 
i v . Less dense s o i l s with high o r g a n i c matter. 
i 
B r i n g i n g together c o r r e l a t i o n s between creep r a t e s 
and p o s s i b l e c o n t r o l l i n g v a r i a b l e s measured f o r t h i s study 
and i n t e r r e l a t i o n s h i p s among the v a r i a b l e s r e v e a l e d t h a t 
those v a r i a b l e s which are s t r o n g l y c o r r e l a t e d with creep 
r a t e s are g e n e r a l l y s t r o n g l y c o r r e l a t e d w i t h each other. 
T h i s supports the i d e a " t h a t any attempt to go beyond 
s i n g l e - p r e d i c t o r r e g r e s s i o n s i s u n l i k e l y to be very s u c c e s s f u l , 
s i n c e there does not appear to be any component of v a r i a t i o n 
i n creep that i s u n c o r r e l a t e d with m o i s t u r e - r e l a t e d v a r i a b l e s " . 
(Anderson and Coxl981). 
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± 99 
+ 90 
"+ 80 
+ 70 
+ 60 
+ 50 
+ 40 
+ 30 
SS S i n e of slope angle 
DB Dry bulk de n s i t y MJ/m3 
WB Bulk d e n s i t y Mg/in3 
WM Moisture% (wet 
season) 
DM Moisture% (dry 
season) 2 SH Shear s t r e n g t h Ktf/m 
SD S o i l depth cW, 
OR Organic matter % -
PO P o r o s i t y 
VO Void r a t i o 
LL L i q u i d l i m i t 
PL P l a s t i c l i m i t 
PI P l a s t i c i t y 
index 
CL C l a y % 
SA Sand% 
F i g . 7.46 : P o s s i b l e v a r i a b l e s c o n t r o l l i n g s o i l creep 
K. Rashidian 1984. 
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7.5 D i s c u s s i o n o f v a r i a b l e s c o n t r o l l i n g s o i l creep r a t e s 
Annual creep measured i n the study area provided a 
b a s i s f o r e v a l u a t i n g the e f f e c t of d i f f e r e n t environmental 
f a c t o r s on r a t e s of s o i l creep. Despite the obvious i n t e r -
r e l a t i o n s h i p s between some of the s o i l p r o p e r t i e s , they are 
considered f i r s t l y as separate f a c t o r s . 
7.5.1 S o i l moisture content 
The data a n a l y s i s f o r 35 p l o t s i n the study area 
r e v e a l e d a strong r e l a t i o n s h i p between s o i l moisture content 
at two conditions (wet and dry seasons) and creep r a t e s . The 
stronger c o r r e l a t i o n s with wet season c o n d i t i o n express the 
i n f l u e n c e s of s o i l water content. The s o i l water content i s 
a f f e c t e d by s e v e r a l s u r f a c e c o n di tions of the slope which 
serve to i n c r e a s e the i n f i l t r a t i o n r a t e . These include 
abundant shallow-rooted vegetation, a t h i n l a y e r of l i t t e r , 
and animal burrows (Campbell 1975). Apart from the two 
anomalous p l o t s , the h i g h e s t values of creep r a t e occurred 
i n the w e t t e s t p l o t s . T h i s i n d i c a t e s t h a t the wetter p l o t s 
tend to be more mobile and s u s c e p t i b l e to movement. The 
importance of s o i l moisture f o r s o i l creep was p o s t u l a t e d by 
a number of workers, e.g. Kirkby (1963, 1967), Young (1958), 
Evans (1974), E v e r e t t (1963), Owens (1969), Benedict (1970) 
and Anderson (1977). Hence i t can be assumed that s o i l 
moisture i s the most important f a c t o r governing s o i l creep, 
p a r t i c u l a r l y i n temperate c l i m a t e s . I t i s d i f f i c u l t to 
i s o l a t e the e f f e c t of s o i l moisture on s o i l creep from that 
of other s o i l p r o p e r t i e s because of the strong i n t e r -
r e l a t i o n s h i p s d i s c u s s e d i n the previous s e c t i o n . 
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7.5.2 S o i l t e xture 
To c l a r i f y the r e l a t i o n s h i p of creep r a t e s and s o i l 
t e x t u r e and i t s importance i t was decided: 
( a ) To group the p l o t s measured f o r t h i s study i n t o four 
c l a s s e s ( i n order of the percentage of c l a y and 
sand and s o i l t e x t u r e ) . 
(b) To c a l c u l a t e the mean of creep r a t e s f o r each c l a s s . 
For t h i s purpose no standard procedure i s a v a i l a b l e . 
Therefore, values f o r c l a s s i n t e r v a l s f o r c l a y and sand 
per cent are a r b i t r a r i l y s e l e c t e d . Tables 7.8 and 7.9. 
Table 7.8 C l a s s i f i c a t i o n of c l a y per cent f o r p l o t s 
measured f o r t h i s study and mean creep 
C l a y % 0-9 
No.of p l o t s 15 
Mean creep 1.58 
r a t e mma 
Variance 0.34 
Standard 0.59 
de v i a t i o n 
creep r a t e s mm a -1 . 
10-19 
4 
1.34 
0.69 
0.83 
>20 peat 
8 8 
1.08 1.80 
0.46 0.03 
0.68 0.17 
T h i s t a b l e confirms the i n v e r s e r e l a t i o n s h i p between creep 
r a t e s and c l a y per cent. The mean creep r a t e f o r f i f t e e n 
p l o t s c o ntaining 0-9 per cent c l a y was 1.58 mma" 1 whereas 
f o r 8 p l o t s c o n t a i n i n g more than 20 per cent c l a y i t was 
1.08 mma"1 . Compared with the h i g h l y organic s o i l s , 
s o i l s with a high proportion of c l a y are l e s s s u s c e p t i b l e to 
creeping. 
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Table 7.9 C l a s s i f i c a t i o n of sand per cent foj i f j u t 
measured for t h i s study and mean croi,.. 
n •+* *-i m*v t rt" ™ r a t e s mm a" 
Sand% <65 65-85 >85 
s 
Peat 
No.of p l o t s 11 8 8 g 
Mean creep 0.95 1.67 1.72 \ts r a t e mm a - 1 
Variance 0.18 0.51 0.41 0.03 
Standard 0.42 0.71 0.64 0.17 
d e v i a t i o n 
The high r a t e of creep observed was f o r the group of 
p l o t s c o ntaining more than 85% sand, and the lowest creep 
r a t e occurred f o r the group of p l o t s with l e s s than 
65% sand. T h i s i n d i c a t e s that sandy s o i l i s more s u s c e p t i b l e 
to movement. T h i s i s supported by a c o r r e l a t i o n of 0.38 
between creep r a t e s and sand per cent, which i s on the 95% 
t h r e s h o l d of s i g n i f i c a n c e . 
Table 7.10 C l a s s i f i c a t i o n of s o i l t e x t u r e f o r p l o t s measured 
f o r t h i s study and mean creep r a t e s mm a" 
Texture No.of p l o t s Mean creep r a t e Variance Standard 
mma"1 d e v i a t i o n 
Peat 8 1.8 0.03 0.17 
Sand, 
loamy sand 13 1.54 0.38 0.62 
Loam, 
s i l t y loam 7 1.41 0.5 0.7 
S i l t y c l a y , 
s i l t y c l a y loam 7 1.11 0.52 0.72 
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The sand and loamy sand p l o t s with a mean of 1.54 mma 1 
shows the hi g h e s t values and the s i l t y c l a y and s i l t y c l a y 
loam with a mean of 1.11 mma" 1represent the lowest values 
f o r m i n e r a l p l o t s . Again the mean creep r a t e value f o r 
'peat' ( s o i l with over 62% organ i c matter) i s s i g n i f i c a n t l y 
higher than that f o r mineral s o i l s . 
Sandy s o i l s have a high angle of i n t e r n a l f r i c t i o n 
and are most permeable. Clay and s i l t y c l a y s o i l s have low 
angles of i n t e r n a l f r i c t i o n and are g e n e r a l l y impermeable. 
Consequently, s a t u r a t i o n or s o i l moisture content as a major 
c o n t r o l of s o i l creep i s dependent on s o i l t e x t u r e . Also, 
according to the laboratory evidence i n the context of a 
force or r e s i s t a n c e model, the behaviour of c l a y p a r t i c l e s 
i s complex (Skempton, 1953). The important p o i n t s a r i s i n g 
i n t h i s context can be summarized: 
( a ) The s i z e percentage of s o i l p a r t i c l e s appear t o be 
important f a c t o r s c o n t r o l l i n g s o i l creep. Sand 
i n c r e a s e s s o i l creep by p e r m i t t i n g higher water contents. 
(b) Highlyprganic s o i l s ( p e a t ) are more s u s c e p t i b l e to 
f r o s t a c t i o n i n which creep i s f a s t e r than i n mineral 
s o i l s . 
( c ) Over c e r t a i n ranges of moisture content, c l a y s 
g e n e r a l l y show p l a s t i c p r o p e r t i e s , but when dry, c l a y s 
show l i t t l e or no p l a s t i c i t y . 
As a r e s u l t s o i l t e x t u r e may a f f e c t many s o i l p r o p e r t i e s 
c o n t r o l l i n g the creep r a t e , such as p l a s t i c i t y index, shrinkage 
l i m i t , p e r m e a b i l i t y e t c . 
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7.5.3 Slope angle 
The i n f l u e n c e of slope angle on creep r a t e has been 
widely argued : Kirkby (1963), emphasized the importance 
of slope angle i n the creep process (Carson and Kirkby, 
1972 p.289). Evans (1974) s t a t e d "there i s no proof to 
support the hypothesis that slope angle i s of major 
importance i n governing s o i l creep" (p.167). Anderson and 
Cox (1981) are of the opinion t h a t s i n e of slope angle i s 
not an important f a c t o r c o n t r o l l i n g creep r a t e f o r s o i l s 
i n the Rookhope catchment and found a low negative c o r r e l a t i o n 
between creep r a t e and s i n e of slope angle ( r = -0.44). 
The n e g l i g i b l e c o r r e l a t i o n between s i n e of slope angle 
and creep r a t e found i n t h i s study ( r = 0.02), over the range 
0 02to 0.«"5 on the s i n e s c a l e , i . e . 1 to 30 degrees, supports 
t h i s opinion and r e i n f o r c e s Young's statement " I f t h e o r e t i c a l 
c o n s i d e r a t i o n s are ignored, and only the r e s u l t s of f i e l d 
measurements taken, the hypothesis that i n humid c l i m a t e s 
s o i l creep v a r i e s with slope angle i s not proven." (1958, p.52). 
The same r e s u l t s emerge from other workers (Kojan, 1967; 
Owens, 1969; Williams, 1973); a l l show e i t h e r no r e l a t i o n s h i p 
to s lope angle or a very weak one at b e s t . 
7.5.4 S o i l depth s u s c e p t i b l e to movement 
The t h i c k e r s o i l l a y e r s g e n e r a l l y tend t o maintain more 
moisture i n the s o i l and allow the ex t e n s i o n of p l a n t r o o t s . 
T h i s has two d i f f e r e n t r e s u l t s : 
( a ) A dense root mat concentrated i n the upper s o i l l a y e r s 
i n c r e a s e s r e s i s t a n c e by binding the s o i l . 
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( b ) The root mat drains the s o i l and decomposes to 
i n c r e a s e s u s c e p t i b i l i t y to creep. 
Probably, the f i r s t s i t u a t i o n a p p l i e s to those p l o t s i n 
which the s o i l depth i s not more than 0.3m, and the second 
a l t e r n a t i v e i s a p p l i c a b l e to the p l o t s with a s o i l depth 
of >0.4m. Young (1963) measured movement deeper than 0.3m, 
E v e r e t t (1963) at 0.15m, and Kirkby (1967) a t o.2m below 
the s o i l s u r f a c e . 
In t h i s study the s o i l depth s u s c e p t i b l e to movement 
ranged from 0.23 m to 0.36 m below the s u r f a c e . 
At sampling s t a t i o n s most p r o f i l e s show decreasing 
r a t e s of movement with depth (below 0.18 m) due to the f a c t 
t h a t changes i n s o i l moisture, the major cause of seasonal 
creep, are g r e a t e r near the s o i l s u r f a c e . The strong c o r r -
e l a t i o n c o e f f i c i e n t between s o i l depth s u s c e p t i b l e to 
movement and creep r a t e s ( r = 0.94) r e v e a l s the importance of 
t h i s v a r i a b l e as a c o n t r o l of the s o i l creep p r o c e s s . I t 
corresponds c l o s e l y to the t h i c k n e s s of the s o i l l a y e r . 
7.5.5 Organic matter 
The creep p a t t e r n i n the high organic s o i l s ( peat) i s 
obviously d i f f e r e n t from that i n min e r a l s o i l s . T h i s i s to 
be expected s i n c e the mechanical p r o p e r t i e s of the peat are 
very d i f f e r e n t from those of mineral s o i l s and the wetting 
and drying c y c l e s are a l s o d i f f e r e n t . 
The moderate c o r r e l a t i o n c o e f f i c i e n t between organic 
matter and creep r a t e ( r = 0.34) might be exp l a i n e d by the 
complicated r e a c t i o n of p l a n t roots and s o i l fauna to creep, 
i . e . growth of p l a n t roots, movement of worms and other 
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f a u n a l a c t i v i t y c o n t r i b u t e d i r e c t l y or i n d i r e c t l y to the 
creep p r o c e s s e s . In t h i s study the g r e a t e s t creep r a t e s 
occurred i n high o r g a n i c s o i l ( c o n t a i n i n g more than 62% 
organic m a t t e r ) , and the lowest i n mineral s o i l s ( l e s s than 
30% organic matter) Rates i n mixed s o i l s (30-62% o r g a n i c ) 
are almost as high as those i n peat. 
Table 7.11 C l a s s i f i c a t i o n of organic matter f o r p l o t s 
measured f o r t h i s study and mean creep 
r a t e mm a 
Organic matter 30% > 30-62% >62% (pea t ) 
No.of p l o t s 19 8 8 
Mean creep r a t e 1.26 1.73 1.80 
m m a 1 0.50 0.29 0.02 
0.70 0.54 0.16 
I t should be noted t h a t decaying roots may cause changes 
i n s o i l p r o p e r t i e s (e.g. s o i l t e x t u r e , s p e c i f i c g r a v i t y , 
bulk d e n s i t y , p o r o s i t y and void r a t i o , p l a s t i c l i m i t and 
l i q u i d l i m i t , and shear s t r e n g t h ) . 
7.5.6Liquid l i m i t and p l a s t i c l i m i t and p l a s t i c i t y index 
These v a r i a b l e s are regarded as a s s o c i a t e d with f o r c e s 
f a c i l i t a t i n g s o i l movements ( i . e . the s o i l creep r a t e i s 
higher when the l i q u i d l i m i t and p l a s t i c l i m i t of the s o i l 
are higher. Omitting the high o r g a n i c p l o t s (more than 
62% o r g a n i c m a t t e r ) , the r e s u l t s obtained from t h i s study 
i n d i c a t e a weak c o r r e l a t i o n between creep r a t e and p l a s t i c 
l i m i t ( r = 0.35). The value f o r l i q u i d l i m i t was much lower 
( r - 0.15). 
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Note that l i q u i d l i m i t i n c r e a s e s with p l a s t i c l i m i t , 
both l i q u i d and p l a s t i c l i m i t i n c r e a s e with organic content, 
and s o i l s with high moisture content have high l i q u i d 
and p l a s t i c l i m i t s . 
The p l a s t i c i t y index i s c l a s s i f i e d as a r e s i s t a n c e 
f a c t o r ; high values (over 31) being a s s o c i a t e d with an 
in c r e a s e d r e s i s t a n c e of the s o i l to movement, Table 7.12, 
and t h e r e f o r e producing lower creep r a t e s (0.68 mma"1). P l o t s 
with a lower p l a s t i c i t y index (non p l a s t i c ) which i m p l i e s 
l e s s r e s i s t a n c e , d i s p l a y f a s t e r movement with mean creep 
r a t e of 1.76 mma"1. 
Table 7.12 C l a s s i f i c a t i o n of p l a s t i c i t y index f o r p l o t s 
measured f o r t h i s study and mean creep 
r a t e mm a" 
Value 0-3 4-15 
(non p l a s t i c ) S l i g h t l y 
p l a s t i c 
No.of p l o t s 
Mean creep 1.76 
r a t e mma~~' 
Variance 
Standard 
d e v i a t i o n 
0.50 
0.71 
18 
1.44 
0.48 
0.69 
16^30 
Medium 
p l a s t i c 
1.11 
31+ 
High 
p l a s t i c 
0.68 
0.16 
0.40 
Peat 
8 
1.80 
0.02 
0.17 
P l a s t i c i t y index tends to decrease with an i n c r e a s e 
i n o r g a n i c content. Thus the organic content appears to 
con t r i b u t e l i t t l e to the p l a s t i c i t y of the m a t e r i a l but much 
to the water-holding c a p a c i t y . The c o r r e l a t i o n c o e f f i c i e n t 
between creep r a t e and p l a s t i c i t y index found f o r 27 p l o t s 
measured i n t h i s study was -0.38. 
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7.5.7 P o r o s i t y and void r a t i o 
The c o r r e l a t i o n s between l i n e a r creep r a t e s and 
p o r o s i t y and void r a t i o ( r = 0.42 and r = 0.45) i n d i c a t e 
that high p o r o s i t y and void r a t i o i n c r e a s e s o i l p e r m e a b i l i t y . 
High p e r m e a b i l i t y tends to i n c r e a s e the s u s c e p t i b i l i t y of 
s o i l to movement. In other words where a pore or a void i s 
present a di s t u r b e d p a r t i c l e can move f r e e l y i n t o i t . The 
di s t u r b e d p a r t i c l e w i l l apply s t r e s s e s to the adjacent 
p a r t i c l e s causing movement. Thus s t r e s s e s may be tr a n s m i t t e d 
through pa r t of a s o i l l a y e r . Strong c o r r e l a t i o n s between 
p o r o s i t y and vo i d r a t i o and s o i l moisture content i n d i c a t e 
t h a t the amount of water a v a i l a b l e f o r f r e e z i n g i s dependent 
on the s i z e , shape and percentage of the s o i l ' s pores and the 
vo i d r a t i o . 
I n t h i s study maximum p o r o s i t y and void r a t i o occur i n 
p l o t s a t which the maximum creep r a t e s were observed and 
minimum p o r o s i t y and vo i d r a t i o were found f o r p l o t s a t which 
minimum movement occurred, Tables 7.13 and 7.14. 
Table 7.13 C l a s s i f i c a t i o n of p o r o s i t y at 35 p l o t s measured 
f o r t h i s study and mean creep r a t e s mm a - r ~ 
Values 0.27-0.39 0.40-0.49 0.5 + 
No.of p l o t s 12 11 12 
Mean creep 
r a t e mm a" 1.18 1.38 1.89 
Variance 0.54 0.27 0.12 
Standard 
d e v i a t i o n 0.74 0.52 0.35 
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Table 7.14 C l a s s i f i c a t i o n of void r a t i o at 35 p l o t s 
measured f o r t h i s study and mean creep 
r a t e mm a 
Values 
No.of p l o t s 
Mean creep 
r a t e irons.""1 
Variance 
Standard 
d e v i a t i o n 
0.36-0.59 
10 
1.25 
0.62 
0.79 
0.60-0.99 
12 
1.26 
0.27 
0.52 
100 + 
13 
1.88 
0.12 
0.34 
7.5.8 Bulk d e n s i t y and dry bulk density 
Bulk d e n s i t y v a r i e s with s o i l moisture content and 
t h e r e f o r e w i l l be a f f e c t e d by moisture. Dry bulk density 
i s constant and can be regarded as an independent v a r i a b l e 
c o n t r o l l i n g s o i l creep. 
Bulk d e n s i t y and dry bulk density are c l a s s i f i e d as 
r e s i s t a n c e f a c t o r s ; l a r g e values f o r dry dens i t y w i l l r e s u l t 
i n l e s s s u s c e p t i b i l i t y t o movement. The f a c t that bulk 
density shows a s i m i l a r but weaker t r e n d to dry bulk d e n s i t y 
i n d i c a t e s t h a t the more compact the s o i l the g r e a t e r 
r e s i s t a n c e to movement. The mean annual creep r a t e f o r 19 
3 
p l o t s with dry bulk d e n s i t y l e s s than 1.00 Mg/m was 
1.75 rnma"1, whereas the value f o r 16 p l o t s with dry bulk 
density more than 1.00 Mg/m3 was 1.17 mma"1 (Table 7.15). 
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Table 7.15 C l a s s i f i c a t i o n of dry density f o r 35 p l o t s 
measured i n t h i s study and mean creep r a t e s 
Value below l.OMg/m 3 over 1.0 Mg/m3 
No.of p l o t s 19 16 
Mean creep 1.75 1.17 
r a t e mma 
Variance 0.22 0.44 
Standard 0.47 0.66 
de v i a t i o n 
7.5.9 Shear s t r e n g t h 
A s i g n i f i c a n t negative c o r r e l a t i o n was found between 
creep r a t e and shear s t r e n g t h ( r =-0.40). T h i s i n d i c a t e s 
t hat the shear strength i s a l s o regarded as a r e s i s t a n c e 
f a c t o r to s o i l creep. I n f a c t , when the sh e a r i n g f o r c e has 
i n c r e a s e d beyond the shear s t r e n g t h of the s o i l , p a r t i c l e 
displacement i s i n i t i a t e d . 
The s i g n i f i c a n t negative c o r r e l a t i o n between shear 
s t r e n g t h and s o i l moisture content ( r = -0.45 f o r wet season 
and -0.50 f o r dry season), are j u s t i f i e d by the study of 
Hollingsworth and Kovacs (1981) who show that the cohesion 
which r e s u l t s from i n t e r g r a n u l a r a i r - w a t e r s u r f a c e t e n s i o n 
i s reduced as shear r e s i s t a n c e reduces when water r e p l a c e s 
a i r i n the s o i l pores. T h i s study c l e a r l y e x p l a i n s the e f f e c t 
of water content i n s o i l s u s c e p t i b i l i t y to movement. Also 
s i g n i f i c a n t negative c o r r e l a t i o n s were observed between shear 
s t r e n g t h and organic matter which i n d i c a t e t h a t the higher the 
organic matter, the l e s s r e s i s t a n c e t here i s to movement. The 
same explanation can be ap p l i e d as f o r p o r o s i t y and void r a t i o , 
Table 7.16 shows that maximum creep r a t e s occurred 
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at p l o t s with l e s s than 20 k/v/m2 and minimum creep r a t e s 
were observed at p l o t s with more than 50 k/v/m2. 
Table 7.16 C l a s s i f i c a t i o n of shear s t r e n g t h f o r 35 p l o t s 
measured at t h i s study and mean annual creep r a t e 
Value <20 n 20-50 >50 
k/v/mf k:///m2 k/v/m2 
No.of p l o t s 12 16 7 
Mean creep 1.86 1.42 0.99 
r a t e mma"' 
Variance 0.24 0.42 0.15 
Standard 
d e v i a t i o n 0.49 0.65 0.39 
7.6 Conclusions 
The i n f l u e n c e of slope angle ( i n the range 1 to 30 
degrees) on s o i l creep i s not obvious. Perhaps t h i s i s 
because i t i s not important or i s masked by other f a c t o r s 
such as s o i l moisture. Moisture content i n a s o i l i s dep-
endent on s e v e r a l f a c t o r s such as c l a y % , presence of hard 
pans, rock p e r m e a b i l i t y , organic content, d e n s i t y and depth 
of the root mat. I t i s a l s o a f f e c t e d ( n e g a t i v e l y ) by slope 
angle and t h e r e f o r e the e f f e c t s of moisture content and slope 
angle are i n t e r r e l a t e d . The opposition between these two 
f a c t o r s may account f o r the weak r e l a t i o n s h i p between slope 
angle and s o i l creep. T h i s n e v e r t h e l e s s i m p l i e s that moisture 
i s the dominant c o n t r o l and slope angle i s subordinate. 
However, the importance of s o i l moisture found i n 
t h i s study agrees with the concl u s i o n s found by other workers 
such as Kirkby (1967), Evans (1974), Anderson (1977) and 
Anderson and Cox (1981). 
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Since the range of moisture content may not i n c r e a s e 
downslope (away from d i v i d e s ) ( C a r s o n and Kirkby, 1972), 
creep process may be independent of d i s t a n c e as s t a t e d by 
G i l b e r t (1909). W h i l s t the p o t e n t i a l of s o i l i n s t a b i l i t y 
depends on a high moisture content, the c r i t i c a l l e v e l v a r i e s 
from s o i l to s o i l . 
F i n a l l y , the creep r a t e s during w i n t e r periods (from 
November to May) are higher than creep r a t e s f o r summer 
( i . e . from May to November). An i n t e r e s t i n g point i s that 
d e s p i t e the severe winter c o l d i n 1982, maximum creep 
occurred i n w i n t e r 1981. T h i s i s probably because of 
unexpectedly heavy s n o w f a l l on 21 March 1981 and the f a c t 
t h a t snow was l y i n g u n t i l May 1981 i n the study area. Thus 
heavy snow melt r e s u l t e d . 
7.7 Supplementary readings (incomplete) 
On 14th March 1983 a supplementary reading was taken 
from the' sampling s i t e s to check the c o n t i n u i t y of p r e v i o u s l y 
recorded creep r a t e s . Sample s t a t i o n N o.l was completely 
dist u r b e d ; t h e r e f o r e there are no records from t h i s s t a t i o n . 
Two of the nine p l o t s f o r the Rashidian instrument at sample 
s t a t i o n N o . 2 were a l s o d i s t u r b e d . These two d i s t u r b e d p l o t s 
were ignored i n the c a l c u l a t i o n of the mean value from t h i s 
s t a t i o n . T h e other sampling s i t e s remained undisturbed and 
readings are presented i n Table 7.17. 
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Table 7.17 Supplementary measurement of sampling s i t e s 
i n mm ( t h r e e instruments) 
---^Sampling 
I n s t r umen^E^---^^6 1 2 3 4 5 
Rashidian's 
Technique 
* j 1.25 1.13 0.56 0.44 
Anderson's 
tube 
* 1.65 1.45 0.70 0.53 
Wooden 
p i l l a r s 
* 1.48 1.26 
1 
0.63 0.50 
* No measurements have been taken because of p l o t d i s t u r b a n c e s 
7.7.1 Comparison between main reading and supplementary 
reading ( t h r e e instruments) 
The measurements from the supplementary ten months 
per i o d (May 1982 - March 1983) can be e x t r a p o l a t e d to 
twelve months i n order to make comparisons with annual 
creep r a t e s . Table 7.18 and Figure 7.35. 
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Table 7.18 Supplementary and main l i n e a r creep r a t e i n 
sampling s i t e s i n mm (t h r e e instruments) 
-^^S amp l i n g 
s i t e 
I ns t r umen t 
1 2 3 4 5 
Ra
sh
id
ia
n'
s 
te
ch
ni
qu
e 
O 
CO 
> 
1.39 
* 
1.52 
1.50 
1.33 
1.36 
0.69 
0.67 
0.58 
0.53 
Ra
sh
id
ia
n'
s 
te
ch
ni
qu
e 
O 
CO 
> 
* -0.02 +0.03 -0.02 -0.05 
An
de
rs
on
's
 
tu
be
 
O
 C
O 
> 
1.66 1.86 
1.98 
1.55 
1.74 
0.86 
0.84 
0.66 
0.64 
An
de
rs
on
's
 
tu
be
 
O
 C
O 
> 
* +0.12 +0.19 -0.02 -0.02 
Wo
od
en
 
pi
ll
ar
s 
O 
CO 
> 
1.5 
* 
1.77 
1.78 
1.35 
1.51 
0.75 
0.76 
0.66 
0.60 
Wo
od
en
 
pi
ll
ar
s 
O 
CO 
> 
+0.01 +0.16 +0.01 -0.06 
A = Annual l i n e a r creep r a t e 
S = Supplementary l i n e a r creep r a t e 
D = D e v i a t i o n 
.* Disturbed p l o t •'-
From Table 7.18 and Figu r e 7.47, i t i s c l e a r that the 
two creep r a t e s are almost i d e n t i c a l at a l l recorded s i t e s . 
F or Rashidian's technique the two r a t e s show very c l o s e 
agreement. The d e v i a t i o n s between the main reading and the 
supplementary reading l i e between 0.02 and 0.05 mm. Those 
f o r wooden p i l l a r s l i e between 0.01 and 0.16 mm, and f o r 
Anderson's tubes, between 0.02 and 0.19 mm. The maximum 
de v i a t i o n s f o r a l l techniques occur i n sample s i t e No.3 
where the creep r a t e s f o r the supplementary reading seem 
to be higher than the main creep r a t e s . I t appears, then, 
t h a t the 1983 win t e r has been intermediate to those 
of 1981 and 1982 i n i t s e f f e c t s on creep r a t e . 
Is 
[ A 
S 
A 
S 
L A 
T-T A 
T s 
J A 
s 
3~A~ 
A 
S 
^ A 
:=I:.f =3. S 
A 
L i n e a r M e v t m i n t m m . 
2 
R a s h i d i a n ' s T e c h n i q u e 
A n d e r s o n ' s T u b * 
W o o d e n p i l l a r s 
A Annual movement 
S Supplementary move-
ment 
F i g . 7 . 4 7 : A comparison between annual s o i l movement and 
supplementary movement i n study area, ( t h r e e 
instruments) 
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CHAPTER 8 
CONCLUSIONS 
8.1 Summary of T h e s i s 
The r e s u l t s reported i n t h i s t h e s i s from s e a s o n a l 
s o i l creep monitoring i n the K i l l h o p e b a s i n (Upper 
Weardale), and t h e i r r e l a t i o n s to c o n t r o l l i n g v a r i a b l e s , 
can be summarized as f o l l o w s : 
1. Research on s o i l creep i s d i f f i c u l t f o r s e v e r a l 
reasons, but p a r t i c u l a r l y because s o i l movement i s an i n t e r -
m ittent p r o c e s s . I t i s the r e f o r e d i f f i c u l t to observe the 
creep process i t s e l f , and so i n most cas e s , only the 
consequences of creep are i n v e s t i g a t e d , and can be a s s e s s e d 
only by comparing the o r i g i n a l s i t u a t i o n with a subsequent 
s i t u a t i o n c r e a t e d by t h i s process. 
2. A major problem i n s o i l creep r e s e a r c h i s the f a c t that 
the creep process does not occur as an i s o l a t e d phenomenon, 
but takes p l a c e together with other p r o c e s s e s , such as wash 
and s o l i f l u c t i o n . Also i t i s d i f f i c u l t to d i f f e r e n t i a t e 
between creep and shear. The values represented f o r creep i n 
t h i s study are a r e f l e c t i o n of changing s o i l p o s i t i o n ( s o i l 
movement) during the study period. 
3. Seasonal s o i l creep as a process was monitored f o r 
three y e a r s using four d i f f e r e n t methods and instruments 
i n c l u d i n g Anderson tubes, Young's p i t s , modified wooden 
p i l l a r s , and a new technique designed f o r t h i s purpose by 
the author. The d i f f e r e n c e s i n r a t e of s o i l creep recorded 
by the d i f f e r e n t instruments i n each sampling s t a t i o n were 
s m a l l . The l i n e a r r a t e s of s o i l creep measured by the 
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Rashidian technique i n the f i v e sampling s t a t i o n s w i t h i n the 
study a r e a v a r i e d from 0.58 mma"1 to 1.52 mma"1 and the 
average l i n e a r creep r a t e obtained by the four d i f f e r e n t 
techniques ranged from 0.66 mma"1 to 1.71 mma"1. T h i s 
demonstrates the co n s i s t e n c y of the three e s t a b l i s h e d 
techniques and provides v a l i d a t i o n f o r the Rashidian technique. 
The average l i n e a r creep r a t e f o r the 35 p l o t s 
obtained by Anderson's tubes was 1.49 mma"1. These values 
are comparable with those p u b l i s h e d by workers f o r s i m i l a r 
environments, such as Young (1960-1963) 1-2 mma"1, Kirkby 
(1963-1967) 1-2 mma"1, Evans (1974) 0.6 mma"1, and 
Anderson (1977) 1.2 mma"1. 
4. The r e s u l t s of t h i s study showed t h a t the creep r a t e 
i s very much f a s t e r i n the uppermost 120 mm of s o i l than 
i n the deeper l a y e r . The occurrence of maximum creep r a t e s 
v a r i e s from s o i l to s o i l , and i t occurs between 60 and 
120 mm from the s o i l s u r f a c e . Below 120 mm, creep r a t e s 
decrease with i n c r e a s i n g depth. T h i s probably i s connected 
with the decreasing f l u c t u a t i o n of s o i l moisture content 
and s o i l temperature and with the decreasing frequency of 
freeze-thaw c y c l e s . 
5. D e f i n i t e r e l a t i o n s h i p s were demonstrated between 
creep r a t e s and p o s s i b l e c o n t r o l l i n g v a r i a b l e s measured i n 
the f i e l d and the l a b o r a t o r y . Data a n a l y s i s i n d i c a t e d t h a t 
a number of v a r i a b l e s i n f l u e n c e the s o i l creep process; 
among t h e s e . s o i l depth, s o i l moisture content, s o i l t e x t u r e , 
shear s t r e n g t h , p l a s t i c i t y index, p o r o s i t y and void r a t i o 
are most important. These v a r i a b l e s were a l s o s t r o n g l y 
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i n t e r c o r r e l a t e d . Because the slope angle and s o i l t e x t u r e 
remain v i r t u a l l y constant over a short p e r i o d of time, 
changes i n creep r a t e s with time are a r e f l e c t i o n of 
changing moisture c o n d i t i o n s . 
6. S o i l moisture content as a main c o n t r o l of seasonal 
s o i l creep i s dependent on s e v e r a l f a c t o r s such as: 
m i n e r a l o g i c a l composition of s o i l (shape.or s i z e of p a r t i c l e s 
and t e x t u r e ) , d e n s i t y of root mat, vegetation cover, slope 
angle, and meteorological elements. Furthermore the s o i l 
moisture change mechanism i s r e s t r i c t e d to the zone of s o i l 
i n f l u e n c e d by e v a p o t r a n s p i r a t i o n and drainage. 
7. Since snow depths i n w i n t e r not only a f f e c t s o i l 
f r e e z i n g r a t e s and depths but a l s o g r e a t l y i n f l u e n c e the 
s o i l moisture content during the s p r i n g thaw, i t must be 
concluded t h a t the d i s t r i b u t i o n of snow i s an important 
f a c t o r i n c o n t r o l l i n g r a t e s of s o i l creep. 
8. S o i l creep o c c u r r i n g predominantly during A p r i l to 
May can be explained by the high s a t u r a t i o n of the s o i l by 
water from thawing snow and melting frozen ground and the 
f l u c t u a t i o n of s o i l temperature during t h i s p eriod. A l l 
these cause changes i n the volume of s o i l (expansion and 
c o n t r a c t i o n ) . 
9. No measurements recorded showed any tendency to upslope 
('retrograde') movement. T h i s was probably because s o i l 
w ith a high moisture content l o s e s cohesion and consequently 
under the i n f l u e n c e of g r a v i t y begins to move downwards. 
10. The i n f l u e n c e of meteorological elements on s o i l 
c h a r a c t e r i s t i c s and the i n t e r r e l a t i o n s h i p s between s o i l 
p r o p e r t i e s suggests that none of the v a r i a b l e s c o n t r o l l i n g 
s o i l creep a c t s alone. 
11. The i n t e r e s t i n g point a r i s i n g i n t h i s study concerning 
the e f f e c t of percentage of c l a y and sand on creep r a t e s was 
tha t : 
I n s p i t e of higher i n t e r n a l f r i c t i o n between sand 
p a r t i c l e s i n comparison with c l a y , sandy s o i l s were found 
more s u s c e p t i b l e to movement than c l a y . T h i s can be explained 
by: 
( a ) Sandy s o i l s c o n t a i n i n g more pores and voids are more 
s u s c e p t i b l e to movement when water r e p l a c e s the a i r . 
(b) The sand p a r t i c l e s tend to separate because of pore 
pr e s s u r e as the s a t u r a t e d s o i l i s frozen. 
( c ) Clay p a r t i c l e s are s u s c e p t i b l e to movement only 
when the s o i l i s h i g h l y s a t u r a t e d and i t s cohesion 
i s reduced. Otherwise c l a y per cent can be regarded 
as a f a c t o r of r e s i s t a n c e to movements. 
12. The r e s u l t s obtained from the Ra s h i d i a n technique 
r e v e a l e d t h a t maximum s o i l creep r a t e s do not occur on the 
s u r f a c e but occur between 0.09-0.12 m from the s u r f a c e , 
and d e c l i n e s h a r p l y below 0.21 m from the s o i l s u r f a c e . 
8.2 Suggestions f o r f u r t h e r work 
1. Since the monitoring and measuring of s o i l creep i n 
t h i s study took p l a c e over a p e r i o d of three y e a r s , the 
r e s u l t s must be i n t e r p r e t e d with that i n mind: measurements 
over a longer p e r i o d would be more u s e f u l . 
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2. I f s o i l creep p l o t s were e s t a b l i s h e d near a s u i t a b l e 
o p e r a t i o n a l meteorological s t a t i o n , they might give a b e t t e r 
i n d i c a t i o n of the dependence of sea s o n a l s o i l creep on 
f l u c t u a t i o n of temperature and r a i n f a l l . 
3. The Rashidian Technique designed f o r t h i s study to 
produce a p r o f i l e of s o i l movement with depth i s recommended 
for f u r t h e r work. 
4. F i e l d monitoring and measurements show p l o t disturbance 
to be a major problem; thus i t i s important to r e p l i c a t e 
instruments. When s e v e r a l instruments are used w i t h i n one 
p l o t r e p l i c a t i o n a l s o provides a v a l u a b l e check on instrument 
accuracy. Instrument disturbance can often be detected by 
comparing the consistency of measurements from a l l the 
instruments w i t h i n the p l o t . When disturbance i s detected 
or suspected i n an instrument t h i s r e s u l t can be omitted 
from f u r t h e r a n a l y s i s , thus minimising the e f f e c t of s m a l l 
s c a l e d i s t u r b a n c e s on s o i l creep measurements. 
5. S i n c e s e v e r a l s u c c e s s f u l d e t a i l e d s t u d i e s of s o i l 
creep r a t e s have now been made, i t should be p o s s i b l e to 
attempt a s t a n d a r d i z a t i o n of instruments. 
6. With s t a n d a r d i z e d measuring techniques, s t u d i e s could 
then concentrate on larg e s c a l e landscapes. 
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